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CHAPIER  I 


THE  PROBLEM 
Introduction 

To  place  in  proper  perspective  the  problem  investigated  in  this 
study,  the  author  has  chosen  to  introduce  certain  necessary  concepts 
of  the  theory  in  which  it  is  embedded.  The  following  are  some  prelim- 
inary ideas  needed  for  an  understanding  of  the  problem. 

Jean  Piaget  and  his  Geneva  associates,  especially  Barbell  Inhelder, 
have  been  rocking  the  educational  world  abroad,  and  finally  in  America, 
with  Piaget's  research  derived  theories  of  the  cognitive  development 
of  the  human  person  from  infancy  through  adolescence.  The  latest  of 
Piaget's  many  books  to  be  published  in  the  United  States  is  The  Child's 
Conception  of  Space  (1967).  Herein,  Piaget  goes  to  great  lengths  to 
distinguish  between  perceptual  space  and  representational  space. 

Perceptual  space  is  that  awareness  of  the  world  which  is  received 
from  the  senses.  It  is  much  like  the  photographic  reality  of  the  Rea- 
list philosophrcal  position.  However,  Piaget  sees  perceptual  space  as 
not  only  consisting  of  the  data  inputs  from  the  senses,  but  also  in- 
volving the  experiences  of  motor  activity  carried  on  by  the  human  or- 
ganism. Hence,  he  prefers  to  think  of  perceptual  space  as  a "sensori- 
motor space."  Representational  space,  on  the  other  hand,  can  be  thought 
of  as  the  ability  to  imagine  the  external  world.  Representational  space 
arises  after  the  child  is  able  to  syaibolize  objects  and  events  through 
mental  constructs  or  pictures. 
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Piaget  sees  representational  space  as  evolving  after  and  incorpor- 
ating perceptual  space.  Perceptual  space  is  depicted  as  developing 
tlirough  a series  of  three  periods.  The  first  period  starts  with  the 
birth  of  the  infant  and  continues  through  the  age  of  four  to  five  months 
The  period  is  " . . . marked  by  an  absence  of  co-ordination  between  the 
various  sensory  spaces  and  in  particular  by  lack  of  co-ordination  be- 


tween vision  and  grasping— visual  and  tactile-kinaesthetic  space  are  not 
yet  related  to  one  another  as  a whole."  (17:6)  As  the  child  progresses 
through  this  stage,  he  learns  the  following  five  elementary  relation- 
ships between  objects.  The  simplist  of  these  relationships  is  that  of 
proximity.  Proximity  describes  the  "perceptual  structurization"  of  the 
nearness  to  each  other  of  elements  in  the  same  perceptual  field.  The 
second  relationship,  separation,  is  the  differentiations  of  one  element 
from  another  so  they  do  not  blur  together.  Order  or  spatial  succession 
is  the  third  relationship.  It  "...  is  established  when  two  neighbor- 
ing, though  seperate,  elements  are  ranged  one  before  the.  orhcr."  (17:7) 
The  fourth  relationship,  enclosure  or  surrounding,  is  variously  thought 
of  as  betweenness  in  the  rwo-dimensional  case  or  within  in  the  three-di- 
mensional case.  .A  more  complicated  relationship  is  our  fifth  and  last 
one,  continuity.  Continuity  may  be  defined  in  the  usual  mathematical 
context  in  combination  with  the  increasing  ability  of  the  child’s  senses 
to  make  finer  readings  as  it  were.  Hence,  the  child  is  filling  in  his 
perceptual  whole  with  these  better  data  from  the  sense.s.  All  of  these 


relationships  Piaget  classifies  as  topological. 

The  second  period  of  perceptual  growth  is  dominated  by  the  ability 
to  co-ordinate  the  various  sensori-motor  activities  with  vision.  A good 
example  is  the  ability  to  guide  the  hand  to  an  object  and  grasp  it  using 
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vision.  This  co-ordination  of  sensor i-rao tor  action  with  vision  depends 
on  two  underlying  accomplishments.  The  first  is  the  building  up  of  fig- 
ures as  a result  of  objects  being  ascribed  as  of  constant  size  during 
change  of  position.  The  second  is  the  cJevelopment  of  constancy  of  shape 
and  size  as  a result  of  co-ordinating  different  views  of  the  objective, 
i.e.,  perspective.  (17:10)  The  former  is  Piaget's  essence  of  Eucli- 
dean psychological  space  and  the  latter  is  his  essence  of  Projective 
psychologrcal  space.  We  see,  therefore,  from  Piaget's  point  of  view 
that  Euclidean  and  Projective  spaces  arise  at  about  the  same  time  in 
perception. 

The  third  and  final  period  of  perception  is  enriched  by  sj/stematic 
observation  and  inquiry,  by  tentative  efforts  at  experimentation,  and 
finally,  by  fully  intelligent,  practical  activity  through  the  internal 
co-ordination  of  relationships.  (17:12)  In  the  last  part  of  this  fmal 
period  we  see  the  appearance  for  the  first  time  of  images,  symbols  fcr 
objects  or  actions.  Hence,  the  transition  from  perceptual  to  represen- 
tational space  has  begun  at  about  the  age  of  16-18  months. 

Perception  was  defined  as  knowledge  of  objects  resulting  from  di- 
rect contact  with  them  while  representation  involves  recalling  objects 
in  the  absence  of  the  object.  Looking  at  the  two  definitions  a little 
differently  m perceptual  space,  the  object  signified  and  its  symboliza- 
tion are  indistinguishable;  on  the  other  hand  representational  space  is 
highly  differentiated  in  that  a very  clear  distinction  is  made  by  the 
child  betxjeen  the  object  (significant)  and  the  symbol  for  the  object 
(the  signification). 

Representational  space  has  the  task  of  vepeating  the  accomplish- 
ments of  perceptual  space  in  the  abilities  to  handle  topological. 
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projective  and  Euclidean  relationships.  As  a matter  of  fact,  at  the 
beginning  of  representational  space,  perceptual  abilities  are  much  more 
advanced  than  representational  ones.  It  is  not  until  the  age  of  seven 
or  eignt  years  that  the  two  spatial  abilities  come  on  a par  with  each 
other  and  the  representational  abilities  begin  to  become  more  powerful 
than  the  perceptual  abilities.  The  "common  denominator”  between  the 
two  spaces  is  that  sensori-motor  activity  is  at  the  base  of  both. 

In  the  framework  of  representational  space  topological,  projective, 
and  Euclidean  spaces  have  the  following  respective  characteristics. 
Topological  space  is  restricted  to  the  object  itself.  The  main  function 
of  this  period  is  the  structuring  of  the  perceptual  data  into  an  organ- 
ized whole.  "The  groupings  involved  in  this  process  consist  of  additions 
and  subdivisions  of  proximities  and  separations,  the  formation  of  or- 
dered series,  and  enclosure  by  means  of  surrounding  ..."  (17:245) 

On  the  other  hand,  in  projective  space  viewpoints  are  co-ordina- 
ted in  terms  of  reciprocal  relationships.  As  a result,  the  representa- 
tions are  not  isolated  mental  pictures,  but  complete  views  taken  from 
di.rferent  positions.  Like  topological  spatial  relations,  projective 
relaL-o-ons  arc  (jualitative ; but  unlike  topological  relations,  projective 
relations  deal  with  the  object  in  relation  to  the  observer  rather  than 
the  object  alone. 

The  final  psychological  mathematical  space  is  called  Euclidean 
space.  The  primary  concern  of  Euclidean  space  is  displacement  and  mea- 
sure. In  this  particular  space,  we  find  the  combining  of  the  conceptions 
of  distance  and  metric  relations  v/ith  a co-ordinate  system.  Some  typi- 
cal elements  of  Euclidean  space  are  straight  lines,  angles,  squares, 
circles,  and  so  on.  (17;vii) 
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As  usual,  Piaget  formulates  stages  that  children  are  observed  to 
go  through  while  their  spatial  concepts  develop.  These  stages  along 
with  their  substages  are  in  order:  I,  IIA,  IIB,  IIIA,  IIIB,  and  IV, 

These  periods  roughly  correspond  to  the  previously  discussed  stages  of 
perceptual  development.  Stage  II  is  related  to  the  first  perceptual 
period,  stage  III  is  related  to  the  second  perceptual  period  and  stage 
IV  is  related  to  the  third  perceptual  period. 

Substage  IIIB  (age  nine  or  ten)  is  crucial  for  what  is  to  follow 
because  it  is  here  that  projective  ideas  are  fully  understood,  and  it 
happens  that  it  is  also  approximately  the  time  at  which  Euclidean  con- 
cepts develop.  In  a 1953  magazine  article,  Piaget  states:  "At  the 

same  time  the  child  forms  concepts  of  projective  spaces  he  also  con- 
s uructs  Euclidean  space:  the  two  kinds  of  construction  are  based  upon 

one  another.”  (15:  76)  Piaget  explains  that  the  two  conceptual  abili- 
ties are  very  closely  related  and  grow  out  of  and  upon  the  foundations 
of  topological  space. 

At  the  outset,  simple  topological  notions  enable  the  child  to 
think  solely  of  the  object  in  itself  unrelated  to  other  objects  save  by 
way  of  relations  such  as  serial  enclosure  or  homeotaorphic  correspondence. 
But  he  soon  finds  himself  compelled  to  venture  further  and  link  things 
together,  either  through  an  entire  conceptual  system  of  grouped  displace- 
ments (measurements,  distances,  length,  co-ordinates,  etc.,)  or  else  by 
linking  them  with  different  points  of  view  co-ordinated  globally  (per- 
spective projection  and  section)."  (17:268) 

However,  while  there  is  a simultaneous  development,  projective 
space  seems  to  be  the  first  of  the  two  systems  of  abilities  displayed 
by  the  child.  Hence,  v;e  have  the  sequence  topological,  projecti.ve, 


Euclidean  which  is  at  variance  with  the  traditional  sequence  in  which 
the  topics  are  presented  in  the  schools. 
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Statement  of  Problem 

In  examining  whether  a child  had  obtained  Euclidean  spatial  abili- 
ties or  not,  Piaget  devised  an  experiment  in  which  the  child  was  asked 
to  visualize  v?hat  the  section  of  a solid  figure  would  look  like  when  a 
plane  cut  the  appropriate  figure  parallel,  perpendicular  and  oblique  to 
its  various  axes.  Success  on  this  test  is  supposed  to  indicate  the  be- 
ginning of  the  ability  to  visualize  in  Euclidean  space.  Boe  (1966)  rep- 
licated this  experiment  on  a group  of  children  ranging  in  socio-economic 
class  from  upper-lower  to  upper-middle.  (6:217) 

Set  up  in  this  form,  the  problem  is  one  of  Euclidean  space.  But 
since  projective  and  Euclidean  spaces  are  so  closely  related,  the  prob- 
lem may  also  be  formulated  in  a projective  manner  with  the  same  impli- 
cations. In  Piaget's  words,  "...  although  the  experiment  is  kept 
within  the  bounds  of  everyday  experiences,  like  seeing  something  cut 
with  a knife,  it  is  still  the  case  that  any  pictorial,  or  even  imaginary 
representations  of  it,  nevertheless  involve  projecting  the  solid  on  a 
two-dimensional  surface."  (17:248) 

The  present  study  involved  asking  children  to  visualize  two- 
dimensional  perspectives  of  various  solid  figures  after  having  been 
shown  a photograph  of  the  solid  in  three-dimensional  space.  Each  real 
component  of  the  soli.d  figure  was  shown  to  the  subjects  before  hand. 

This  task  is  judged  to  be  equivalent  to,  in  a projective  sense,  asking 
the  child  to  section  a solid  orthogonal  to  one  of  its  various  axes. 
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Specifically,  the  problem  was  to  determine  at  what  grade  and  age 
level  the  child  manifests  the  beginnings  of  Euclidean  spatial  abilities 


as  detected  by  this  instrument. 

Assumptions  of  Study 

There  were  certain  necessary  assumptions  to  be  made  in  this  study. 
They  centered  around  the  instrument  and  were  as  follows: 

(1)  The  instrument  is  valid. 

(2)  Each  item  in  the  instrument  has  an  acceptable  level  of  diffi- 
culty. 

(3)  Each  item  in  the  instrument  has  an  acceptable  level  of  dis- 
crimination. 

(4)  The  instrument  is  reliable. 

Purpose  of  Study 

The  purpose  of  this  study  was  to  determine  whether  children  in  the 
public  school  are  able -to  visualize  the  perspectives  of  solid  figures, 
and  if  so,  when.  Success  on  the  instrument  administered  during  this 
study  is  judged  to  indicate  that  the  subject  has  reached  (but  not  mas- 
tered) Piaget's  third  spatial  stage.  The  abilities  commensurate  with 
Euclidean  space  are  especially  important  because  they  involve  "straight 
lines,  angles,  squares,  circles,  measurements,  and  the  like  . . . ". 

(17.vii)  All  of  these  topics  are  pertinent  to  the  mathematics  class- 
room at  the  secondary  level. 

Significance  of  Study 

Although  this  study  is  closely  related  to  the  v7ork  of  Piaget  and 
Inhelder,  it  is  not  a replication  of  any  of  their  experiments  but  a 
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logical  extension  of  them.  In  particular,  it  has  reference  to  Piaget's 
chapter  VI,  "Projective  Lines  and  Perspectives";  Chapter  VIII,  "The  Co- 
ordination of  Perspective";  and  Chapter  IX,  "Geometrical  Sections,"  in 
The  Child's  Conception  of  Space.  It  encompasses  abilities  demonstrated 
in  visualizing  perspective,  co-ordination  of  perspectives,  and  is  the 
projective  equivalent  of  the  geometric  sectioning  experiment. 

In  the  words  of  Piaget  and  Inhelder  (1967),  "The  teaching  of  geo- 
metry could  hardly  fail  to  profit  from  keeping  to  the  natural  pattern 
of  development  of  geometric  thought,  especially  since  this  process  is, 
to  our  way  of  thinking,  in  much  closer  conformity  with  the  logic  of 
mathematical  construction  than  most  of  the  so  called  'elementary'  text- 
'Dooks."  (17:vii)  According  to  Flavell  (1963)  there  are  three  possible 
educational  uses  of  Piaget's  work.  Two  of  these  are  applicable  here. 

. . .it  may  be  possible  to  make  fruitful  use  of  Piagec's  reseazrch 

■c 

instruments  in  the  assessment  of  the  individual  child's  general  intel- 
lectual development,  special  scholastic  aptitudes,  readiness  for  various 
kinds  of  instruction  (e.g.,  number  readiness),  etc.  - all  with  an  eye 
towards  practical  educatiop.al  matters  such  as  grade  placement  a.nd  assign- 
ment to  remedial  training  programs."  (11:365)  The  second  application 
in^/olves  the  placement  of  curriculum  content  at  appropriate  levels.  In 
both  of  these  matters,  an  instrument  to  determine  the  presence  of  Eucli- 
dean abilities  would  be  helpful. 

Iiost  of  Piaget's  critics  and  some  of  his  admirers  complain  that  he 
doesn't  consistently  report  all  of  his  data,  in  particular,  the  sizes  of 
hrs  experxmental  groups.  Because  of  his  style  of  research,  he  ignores 
factors  other  than  age,  although  he  admits  that  such  independent  vari- 
ables as  socio-economic  background  and  intelligence  might  have  an  effect 
on  the  timing  of  his  stages. 
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This  study  was  designed  to  take  account  of  these  criticisms  in 
that  a large  number  of  subjects  were  administered  the  instrument  and 
the  proper  statistical  analyses  were  applied  to  the  data.  This  study 
IS  also  srgnrfrcant  in  that  it  is  comparing  not  only  intelligence  levels, 
but  socio-economic  levels  as  well.  The  scope  of  this  cross-sectional 
study  IS  also  wider  than  any  study  reviewed  in  the  literature  in  that 
it  encompassed  about  one  hundred  children  on  each  of  the  ten  grade  lev- 
els from  the  third  through  the  twelfth  grades. 


CHAPTER  II 


A PvEVIEW  OF  THE  LITERATURE 
Theoretical  Background 

One  of  the  foremost  theorists  in  child  psychology  today  is  the 
Swiss  born,  Jean  Piaget  (August  9,  1896).  Piaget  has  formulated  a 
scheme  in  which  the  cognitive  or  intellectual  part  of  the  child  devel- 
ops through  a sequence  of  stages  which  appear  at  about  the  same  age  in 
each  child.  Thus,  at  the  age  of  nine  or  ten  years,  for  example,  the 
child  learns  how  to  measure,  or  imagi.ne  perspective  by  hiaiself  without 
the  need  for  instruction.  Before  elaborating  on  Piaget's  stages  of  in- 
telligence, it  is  wise  to  explore  a few  concepts  which  are  basic  to  his 
theory  and  research. 

It  is  difficult  to  classify  Piaget's  theory  as  to  the  importance 
of  the  factors  of  maturation  and  experience.  There  are  nearly  as  many 
views  as  there  are  commentators.  Hunt  sees  Piaget's  theory  as  both 
hereditarian  and  environrnentalis tic . (12:258)  Almy  describes  four 

main  factors  which  she  thinks  are  incorporated  into  the  system.  These 
are  maturation,  experience,  social  transmission  (association  with  other 
humans)  and  equilibration.  (1:20)  Baldwin  can  ascertain  neither  mat- 
ural  nor  learning  elements  nor  a mixture  of  the  two  in  Piaget's  theory. 
He  sees  equilibration,  the  basis  of  transition  or  growth,  as  a third 
kind  of  developmental  process  altogether.  (3:289-290) 
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Equilibration  is  a sort  of  adaptive  process  based  on  the  two  reci- 
procal processes  of  assimilation  and  accommodation.  Assimilation  is 
characterized  as  a taking-in  process.  It  is  utilization  of  something 
from  the  environment.  Psychologically,  it  is  the  ability  of  the  human 
person  to  handle  new  situations  and  new  problems  with  already  existing 
mental  organizations.  Accommodation,  on  the  other  hand,  is  the  comple- 
mentary process  of  assimilation.  Whereas  assimilation  is  organism  fav- 
ored, accommodation  is  environment  favored,  in  that  the  organism  changes 
before  it  can  assimilate  phenomena  from  the  environment.  Psychologi- 
cally, it  is  the  change  in  organization  which  the  human  person  makes  to 
difficult  situations  which  it  cannot,  at  first,  handle.  When  these  pro- 
cesses are  in  balance,  we  have  an  equilibrium  and,  hence,  the  process 
of  seeking  this  balance  is  called  equilibration.  Equilibration  would 
go  well  with  any  interaction  theory  of  an  organism  experiencing  its  en- 
vironment. 

Getting  back  to  the  stages  of  intellectual  development  postulated 
by  Piaget,  these  stages  are  really  different  times  at  which  Piaget  sees 
the  structure  of  the  individual's  mental  facilities  being  fundamentally 
different.  That  is  to  say,  there  seems  to  be  three  periods  in  the  de- 
velopment of  the  mental  abilities  of  human  beings  such  that  the  organ- 
ization of  these  abilities  is  different  enough  to  be  clearly  distingui- 
shable. The  preoperational  period  is  a transitional  one  between  the 
first  two  major  organizations,  sensori-motor  operations  and  concrete 
operations.  These  organizations  change  through  the  process  of  equili- 
bration and  are  built  one  upon  the  other.  Each  new  stage  incorporates 
what  came  before  and  adds  something  new  at  the  same  time. 
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The  stages  and  a brief  description  follow;  (main  source  is  16, 

pp.  120-128) 

Sensori-Motor  Stage 

This  stage  is  characteristic  before  the  appearance  of  language 
and  thus  occurs  from  the  ages  zero  to  two  years.  It  can  be  identified 
by  the  use  and  exercise  of  simple  reflexes,  the  formation  of  first  ha- 
bits, and  the  beginning  of  coordination  of  means  and  goals.  This  stage 
is  primarily  one  of  exploration  in  which  the  child  explores  himself  and 
the  world  from  an  egocentric  point  of  view,  i.e.,  the  world  and  himself 
as  one.  While  the  child  initiates  the  coordination  of  his  perceptual 
spaces,  he  is  still  confined  to  a world  of  overt  actions  rather  than 
thoughts.  The  end  of  this  period  is  marked  by  object  constancy  and 
differentiation  of  self  and  world. 

Pre-operational  Stage 

During  the  span  from  age  two  to  seven  years,  the  child  shows  mani- 
festations of  symbolic  functions  beginning  with  the  appearance  of  de- 
layed imitation  (the  ability  to  imitate  an  act  after  the  example  is  no 
longer  present).  Now,  the  child  is  able  to  differentiate  between  ob- 
jects and  symbol  for  object,  and  it  is  no  surprise  that  he  acquires  ver- 
bal signals  and/or  collective  signals.  Actions  are  s till  centered  on  the 
body  and  lack  reversibility  in  that  sense.  The  single  most  important 
feature  of  this  period  is  the  lack  of  conservation  (the  realization  that 
there  are  invariants  under  certain  transformations  such  as  change  of 
s hape ) . 

Stage  of  Concrete  Operations 

This  stage  lasting  from  seven  to  twelve  years  differs  from  the 
previous  one  by  the  mastery  of  reversibility  and  differs  from  the 
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following  stage  by  the  lack  of  ability  to  reason  with  propositions  or 
hypotheses.  As  its  name  implies,  this  is  the  point  at  which  the  child 
may  perform  logical  operations  with  actual,  real,  concrete  objects  to 
manipulate,  lie  is  also  able  to  serialise  (arrange  in,  accordance  to  size 
or  weight),  to  classify  objects  as  to  similarity  or  difference,  and  de- 
termine v;hether  or  not  a certain  object  belongs  to  a particular  group 
of  objects.  The  concept  of  number  and  conservation  are  also  understood 
at  this  point. 

Stage  of  Formal  Operations 

The  last  of  the  steps  in  development  ranges  from  twelve  years  and 
on  through  adult  life.  Its  central  feature  is  the  ability  to  reason  ■ 
about  propositions las  well  as  objects.  Hot  only  is  tne  child  able  to 
reason  about  the  real  but  also  the  possible.  The  characteristics  of 
the  adult  are  clearly  in  appearance  Xsrith  such  abilities  as  being  able 
to  group  in  flexible  combinations  each  element  of  a system  with  any 
other  element  of  the  system.  The  operations  of  the  mental  structures 
are  such  that  they  obey  all  the  properties  of  the  psychological  group 
much  akin  to  the  mathematical  group. 

As  one  might  suspect,  since  the  general  intellectual  abilities  of 
the  child  develop  through  stages,  specific  abilities  do  also.  Piaget 
and  Inhelder's  book,  The  Child’s  Conception  of  Space  (1948,  1967), 
is  an  exposition  of  how  the  child  psychologically  develops  the  concept 
of  geometrical  space.  It  is  a study  of  "certain  problems  of  a general 
nature  in  regard  to  the  development  of  spatial  concepts  in  young  chil- 
dren, dealing  in  particular  with  the  elaboration  of  projective  and  Eucli- 
dean concepts  out  of  more  elementary  topological  notions,"  (17:vii)  In 
/ 

a later  book,  The  Child's  Conception  of  Geometry  (1960),  Piaget,  Inhelder 
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and  Szetninska  continue  the  exploration  of  spatial  intuition  with  a dis- 
cussion of  measurement  and  metrical  geometry.  (lS;vii) 

As  has  been  stated  before,  Piaget  and  his  collaborators  believe 
that  the  child's  ability  to  represent  space  develops  through  the  se- 
cjuence  of  topological  notions  to  a nearly  concurrent  development  of 
firstly  projective  and  then  Euclidean  notions.  To  obtain  a better  idea 
of  how  this  progression  moves,  let  us  briefly  examine  the  stages  in  the 
ability  to  coordinate  perspectives. 

The  experiment  was  run  by  setting  up  a pasteboard  model  of  three 
different  colored  mountains  of  varying  sizes  with  a distinguishing  char- 
acteristic on  each  mountain.  A wooden  doll  was  used  to  represent  the 
positions  from  which  the  child  was  to  visualize  the  mountains  (the  child 
always  remained  in  the  same  position).  Three  methods  were  used  to  de- 
termine the  child's  ability  to  imagine  the  point  of  view  of  the  doll. 
Firstly,  the  children  were  "...  given  three  pieces  of  cardboard, 
shaped  and  colored  the  same  as  each  of  the  mountains."  (17.-211)  They 
were  asked  to  arrange  these  pieces  as  the  mountains  would  appear  from 
the  particular  point  of  view.  Secondly,  they  were  asked  to  choose  the 
appropriate  photograph  (from  several  others)  for  each  point  of  view. 
Thirdly,  they  were  asked  to  identify  the  appropriate  position  of  the 
doll  when  shown  a particular  photograph. 

These  experiments  were  carried  out  on  one 
hundred  children,  21  between  4 and  6;  6 years* 

30  between  6;  7 »and  8 years;  33  between  8 and. 

9;  6 years,  and  16  between  9;  6 and  12  years. 

(17:212) 

The  results  are  summarized  as  follows: 


* 6;  6 years  - six  years,  six  months 
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Stage  I 

Children  of  this  stage  do  not  understand  the  meaning  of  the  exper- 
imental questions  so  they  were  not  examined. 

Stage  II 


Throughout  Stage  II,  the  child  distingui- 
shes hardly  or  not  at  all  between  his  own  view- 
point and  that  of  others  represented  by  the 
doll  in  different  positions.  (17:212) 

In  Substage  IIA,  the  view  always  turns  out  to  be  that  of  the  child. 
At  Substage  IIB,  some  attempt  at  differentiation  is  made,  but  the  child  b 
point  of  view  still  prevails. 

Stage  III 


On  the  other  hand  (7-8  to  11-12  years), 
shows  a progressive  discrimination  and  co- 
ordination of  perspectives.  At  Substage  IIIA 
(averaging  7-8  to  9 years),  certain  relation- 
ships are  varied  v/ith  changes  in  the  position 
of  the  observer,  but  there  is  still  no  compre- 
hensive coordination  of  viewpoints.  This  is 
not  achieved  until  Substage  IIIB  (about  9-10 
years),  at  which  point  the  mastery  of  simple 
perspective  is  complete  and  perspective  has 
begun  to  appear  in  drawing.  (17:213) 

Stage  IV 

This  stage  is  not  mentioned  because  the  ability  has  been  developed 
by  the  end  of  Substage  IIIB  and,  therefore,  all  children  in  this  group 
should  manifest  coordination  of  perspectives. 


Related  Research 

Piaget's  research  has  been  criticized  severely  and  sometimes  un- 
fairly because  there  is  misunderstanding  of  his  methods  of  research. 
Piaget  is  unlike  most  developmental  psychologists  in  that  he  had  no  for- 
mal training  in  the  field.  Almy  reported  in  her  book  that  Barbel 
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Inhelder  has  described  him  as  a zoologist  by  vocation,  and  epistemolo- 
gist  by  avocation,  and  a logician  by  method.  (1:16)  His  starting  point 
is,  therefore,  not  the  leaner  but  knowldege  and  structure  or  logical  or- 
ganization of  knowledge.  (1:15) 

In  order  to  learn  how  the  child  structures  his  knowledge,  Piaget 
has  approached  psj^chological  studies  with  the  methodology  of  the  natur- 
alist. As  Hunt  puts  it,  he  has  taken  a notebook  and  followed  the  child 
around  trying  to  discover  the  circumstances  under  which  the  child  learns. 
(12:2A8) 

Flavell  is  even  more  succinct  when  he  points  out  that  there  are 
really  two  general  types  of  research  strategies  in  developmental  psy- 
cnology.  The  first  is  the  antecedent-consequent  strategy  which  attempts 
to  isolate  a developmental  variable  then  find  preceding  or  antecedent 
variables  of  which  the  first  variable  is  a function.  This  is  essenti- 
ally the  method  used  by  most  psychologists  in  the  United  States. 

The  second  strategy  is  called  developmental-descriptive  and  has 
its  foremost  model  in  the  work  of  Piaget.  "It  takes  as  its  major  task 
to  find  out  what  behaviors  develop  with  age  (i.e.,  as  a function  of  a 
complex  of  usually  unknown  events  which  unroll  in  ontogentic  time)  and 
also,  there  the  strategist  is  so  oriented,  to  seek  out  the  sequential 
stages  in  this  development.  In  contrast  with  the  previous  approach,  in- 
dividual differences  in  the  developing  consequent  are  not  of  primary  in- 
terest, and  no  search  is  made  for  possible  antecedents  of  these  differ- 
ences." (11:423) 

Wallach  (1963)  wrote  a summary  of  research  over  the  period  1942- 
62  in  which  .he  featured  tta  work  of  Piaget  and  his  Geneva  collaborators.  Ihe 
general  outcome  of  the  one  hmidred  sa'/en  items  in  liis  biblio.grapUy  is  the  following: 
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1)  Although  several  people  have  replicated  Piaget's  various  experiments 
and  some  shifts  in  age  norms  have  been  found  as  a function  of  socio- 
cultural status  of  the  children,  the  general  developmental  sequences 
have,  on  the  whole,  been  substantiated.  (21:247)  2)  Requisite  train- 

ing does  not  have  an  appreciable  effect  on  the  ability  of  children  to 
perform  ahead  of  their  stage.  What  can  be  affected  is  only  at  the  ex- 
pense of  extensive  learning  and  may  be  effective  only  as  the  "given  type 
or  amount  of  experience  is  relative  to  the  conceptual  attainments  al- 
ready at  the  child's  disposal."  (21:251)  3)  There  is  qualitative 

change  in  the  structure  of  the  child's  thinking  instead  of  a general 
development  of  the  same  type  of  thinking  as  in  the  adult.  "The  think- 
ing of  the  ten-year-old,  for  instance,  seems  to  involve  different  modes 
of  analysis  than  that  of  the  four-year-old."  (21:267)  4)  And  lastly, 

"that  the  human's  basic  cognitive  categories  for  analyzing  physical 
reality  are  a product  of  slow  and  laborious  construction."  (21:271) 

Almy  (1966)  gives  a brief  view  of  the  studies  reported  in  Flavell 
and  updates  the  general  literature  in  Piagetian  research  through  1965. 
She  organized  her  review  to  answer  questions  concerning  1)  the  validity 
of  Piaget's  stages  in  other  than  Swiss  populations,  2)  the  interrela- 
tion of  abilities  within  the  individual  stages,  3)  the  relationship 
between  other  measures  of  mental  ability  and  Piaget's  examinations,  and 
4)  the  effect  of  experience  on  the  process  of  progressing  from  one 
stage  to  the  next. 

In  answering  the  first  question,  those  studies  reported  seemed  to 
confirm  the  notion  that  there  is  a genera]  sequence  of  stages  through 
which  the  child  develops.  Furthermore,  this  sequence  is  generally  inde- 
pendent of  the  cultural  origin  of  the  particular  individual.  However, 
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these  studies  also  indicate  that  the  various  stages  are  not  necessarily- 
tied  to  a strict  chronological  age.  This  result  would  not  surprise 
Piaget  in  that  he  postulates  on  the  basis  of  an  average  chronological 
age. 

The  second  issue  might  be  stated  thusly.  Does  the  individual 
child  in  a certain  stage  manifest  all  of  the  abilities  which  theory 
associates  with  that  stage?  The  evidence  in  this  area  is  conflicting 
and  contradictory.  It  is  still  a very  wide  open  question  where  much 
more  research  is  required  before  a general  conclusion  can  reached. 

The  third  question  really  asks  about  the  correlation  of  more  gen- 
erally accepted  measures  of  intelligence  to  Piaget's  measures  of  intel- 
ligence. Almy  points  out  that,  first  of  all,  the  two  measures  are  based 
on  very  different  definitions  of  intelligence,  and  secondly,  Piaget's 
tasks  test  for  concept  ability,  while  more  traditional  tests  measure 
certain  psychometric  notions  of  a specific  character. 

Because  of  the  basis  of  his  theory,  Piaget  has  never  denied  the 
possibility  of  experience  affecting  the  child's  mental  abilities.  How- 
ever, the  overall  conclusion  which  can  be  drawn  from  the  studies  reviewed 
by  Almy  is  that  the  acquisition  of  the  particular  abilities  such  as  con- 
servation, may  not,  in  general,  be  speeded  up  through  instruction.  This 
is  not  to  say  that  children  in  a transitional  stage  may  not  be  helped  to 
acquire  an  ability  of  the  next  stage,  but  that  children  who  do  not,  for 
example,  manifest  conservation  abilities  may  not  be  taught  to  conserve. 
Even  if  the  transition  from  stage  to  stage  were  susceptible  to  acceler- 
ation, there  is  a question  of  whether  it  ought  to  be  accelerated  because 
of  possible  harmful  side  effects  to  the  cognitive  structure  of  the  child. 

At  least  four  x<7riters  have  replicated  some  of  the  experiments  from 
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The  Child's  Conception  of  Space.  In  alphabetical  order,  the  most  re- 
cent are  Boe  (1968),  Dodweil  (1963),  Lovell  (1959),  Rivoire  (1961),  In 
her  doctoral  dissertation,  Boe  replicated  Piaget's  experiment  on  the 
ability  to  visualize  geometric  sections  of  solid  figures  before  they 
were  sectioned.  She  found  that  twelve-year-old  children  of  more  or  less 
middle-class  backgrounds  still  had  not  mastered  the  geometric  sectioning 
task  even  though  Piaget's  theory  predicted  such  mastery  at  age  nine  or 
ten  years.  She  also  found  that  there  were  no  statistically  significant 
interactions  between  age  and  ability  to  visualize  sections  as  determined 
by  her  test,  and  that  ability  level  as  determined  by  the  Lorge -Thorndike 
Intelligence  Test  did  play  an  important  role  in  the  child's  responses 
to  the  sectioning  tasks.  (5:418-420)  However,  her  N was  only  seventy- 
two  for  the  three  grades  eight,  ten,  and  twelve. 

In  this  introduction,  Dodweil  criticizes  Piaget  because  Piaget 
"gives  no  indication  of  the  numbers  of  children  tested,  of  the  consis- 
tency of  trends  from  one  stage  to  another  with  age,  or— more  important— 
the  consistency  of  the  steps  in  the  progression  within  individual  chil- 
dren." (9:141)  Using  an  N of  194  from  all  socio-economic  levels  Dod- 
weil replicated  seven  of  Piaget's  experiments  in  The  Child 's  Conception 
of  Space.  From  his  sample  of  children  ranging  from  five  years  and  one 
month  to  eleven  years  and  three  months,  Dodweil  derived  results  which, 
while  not  totally,  confirmed  Piaget's  hypothesis  about  the  development 
of  spatial  concepts.  However,  he  found  it  quite  difficult  to  categor- 
ize any  individual  child  into  one  of  Piaget's  substages.  Each  child 
seemed  to  have  some  of  the  appropriate  abilities  but  not  others.  Dodweil 
suggests  that  the  difference  he  found  might  be  attribu,table  to  "special 
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interests  and  training,  amount  of  formal  instruction,  and  the  difficul- 
tres  of  learning  to  apply  a set  of  rules  or  operations  learned  in  one 
context  to  new  situations."  (9:160) 

Lovell  is  by  far  the  most  caustic  of  Piaget’s  critics  reviewed. 

He  criticizes  Piaget’s  experiments  because  of  lack  of  citation  of  exact 
numbers  of  children  involved  and  because  of  lack  of  detailed  information 
concerning  the  children’s  socio-economic  background  and  their  intelli- 
gence. He  IS  also  concerned  about  the  exact  nature  of  the  apparatus 
used  and  the  precise  phrasing  of  the  questions  put  to  the  children.  But 
this  IS  not  all.  Lovell  also  accuses  Piaget  of  letting  his  background 
of  zoology  and  recent  interest  in  symbolic  logic  and  the  mathematics  of 

groups  and  sets  influence  his  model  or  the  structure  of  the  child’s 
mind.  (13:104) 

Using  an  N of  150  children  of  age  range  two  years  eleven  months  to 
five  years  eight  months  from  varying  socio-economic  background  and  gen- 
eral ability,  Lovell  replicated  six  experiments  from  the  beginning  chap- 
ters of  The  Child’s  Conception  of  Space. 

Lovell  finds  points  of  disagreement  in  six  out  of  the  six  experi- 
ments performed.  He  also  finds  partial  agreement  on  some  of  the  experi- 
ments but  never  full  agreement. 

In  conclusion,  we  can  say  that  our  evidence  sometimes  agrees  with 
that  of  Piaget  and  Inhelder  and  sometimes  is  at  variance.  The  variabil- 
ity in  performance  within  age  group  is  far  greater  than  they  allow." 
(13:116)  He  then  attacks  the  basis  of  Piaget’s  theory,  namely  that  the 
child’s  conception  of  space  begins  with  topological  concepts,  and  asserts 
that  perhaps  the  child’s  world  is  not  qualitatively  different  from  that 


of  the  adult. 
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Rivoire  (1961)  devised  a twenty-eight-item  instrument  by  which  she 
tried  "...  to  determine  whether  the  development  of  the  concept  of 
space  in  children  evolves  in  the  sequence  hypothesized  by  Piaget.” 
(20:47)  -Her  "Form  Development  Test"  consisted  of  seven  items  which  were 
primarily  projective,  seven  items  which  were  primarily  affine,  and  seven 
items  which  were  primarily  Euclidean  in  character. 

She  examined  a sample  of  one  hundred  forty-four  children  ranging 
in  ages  from  four  years  zero  months  to  fourteen  years  eleven  months. 

The  subjects  scored  in  the  90  to  110  category  on  the  Stanford-Binet 
Intelligence  scale,  came  from  middle-class  families  of  Tucson,  Arizona, 
and  were  screened  for  variables  such  as,  emotional  problems,  extreme 
reading  problems,  physical  handicaps,  etc. 

She  found  a blurring  and  overlapping  of  Piaget’s  stages.  The 
topological  stage  seemed  to  develop  later  than  predicted.  The  projec- 
tive and  affine  concepts  appeared  to  introduce  them.selves  earlier  than 
expected  and  Euclidean  concepts  occurred  later  than  hypothesized. 

(20:95)  The  following  are  her  conclusions:  1)  In  general,  the  occur- 

rence of  the  specific  stages  in  the  development  of  the  concept  of  space 
hypothesized  by  Piaget  is  not  completely  supported  by  the  results  of 
this  study;  2)  The  type  of  space  being  viewed  is  important;  3)  Age 
is  a significantly  contributing  factor  in  the  development  of  the  concept 
of  space;  4)  The  individual  item  within  the  particular  types  of  space 
being  viewed  is  important  in  this  development;  5)  The  development  of 
perceptual  processes  utilized  in  seeing  the  visual  world  cannot  be  ac- 
tually studies  by  utilization  of  isolated  geometric  figures;  6)  Ifost 
children  do  not  complete  their  space  development  by  fifteen  years  of  age 
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and  7)  Four-year-old  children  do  not,  as  a group,  conceive  of  space 
entirely  as  characterized  by  topologica]  relationships.  (20:103-104) 

As  comprehensive  as  Rivoire's  study  is,  this  author  cannot  but 
wonder  v/here  conclusion  number  five  came  from.  R.ivoire  conjures  that 
the  reason  for  the  subjects  performing  better  on  one  of  the  three  di- 
mensional items  was  that  it  was  a total  scene  rather  than  a separated 
object.  However,  this  is  no  justification  for  including  the  conjecture 
in  the  conclusions  for  there  might  be  other  explanations  which  are 
equally  plausible. 

Flavell  reports  six  studies  on  the  child's  conception  of  space. 

Two  of  the  six,  Dodxjell  and  Lovell,  have  already  been  reviewed  above. 

The  first  of  the  other  four  articles  is  a report  by  Peel  (1959)  of  two 
experiments  involving  Piaget's  work  on  haptic  or  touch  perception. 

Little  was  said  in  the  original  article  about  the  first  experiment  ex- 
cept that  it  was  run  by  E.  I.  Page  "...  on  sixty  children  of  about 
three  to  eignt  years  of  age  . . .".  (11:389)  The  results  confirmed 

Piaget's  hypothesis  that  topological  abilities  develop  before  Euclidean 
abilities.  The  second  study  v;as  run  on  fifty-five  children  in  the  three 
to  eight  age  range  by  E,  Ferns.  She  administered  the  form  of  the  haptic 
test  which  goes  as  follows.  After  the  child  has  felt  and  explored  ob- 
jects outside  of  his  vision,  he  is  asked  to  draw  them  instead  of  match- 
ing them  w'ith  visible  objects  as  Page  did  above.  The  drawings  were 
scored  by  Peel  and  Ferns  essentially  according  to  Piaget's  stages  and 
substages.  A scalogram  analysis  showed  that  the  developmental  sequence 
outlined  by  the  Geneva  group  was  generally  correct.  (11:389) 

Braine  (L959)  performed  an  experiment  on  spatial  order  or  serial- 
ization using  a nonverbal  matching  technique.  He  gave  his  subjects  a 
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sample  sequence  of  counters  and  asked  them  to  match  this  sequence  with 
one  of  three  other  sequences.  Each  correct  response  was  rewarded  with 
a piece  of  candy.  His  findings  agreed  with  Piaget’s  in  that  his  sub- 
jects were,  for  the  most  part,  unable  to  match  the  longer  sequences  prior 
to  the  age  of  srx  or  seven.  "In  particular,  it  was  noted  that  not  a 
single  subject  under  four  showed  any  semblance  of  an  order  concept,  even 
with  two-disc  sequences."  (11:389)  A third  study  by  Esteo  (1956)  was 
subjected  to  such  convincing  criticism  by  Elavell  that  it  will  not  be 
recorded  here.  (11:383) 


Meyer  (1940)  was  a student  and  early  co-worker  of  Piaget  in  his  re- 
search on  spatial  representation.  She  subjected  a group  of  children  in 
the  i 1/2  to  5 1/2 -age  range  to  a battery  of  Piagetian-like  tests  not 
reported  rn  The  Child’s  Conception  of  Space.  She  found  it  possible  to 
describe  the  growth  of  spatial  abilities".  . . in  terms  of  Piaget’s  con- 
cepts of  ’practical’,  ’subjective’,  and  ’objective’  space,  concepts  ori- 
ginally applied  to  the  earliest,  sensory  motor  period."  (11:390) 

The  follox.jing  authors  concerned  themselves  with  the  sequential  of 

Space , The  Child’s  Conception  of  Geometry . 
Therr  work  will  not  ’oe  analyzed  in  detail  but  examined  for  evidence  con- 
cerning Piaget’s  general  theory  of  the  development  of  space.  Beilin  and 
Franklin  (1962)  ran  two  experiments  (N-27,  and  li-33)  on  two  groups  of 
middle-class  children  aged  6-0  to  7-3  and  8-1  to  9-4  with  average  I.  Q. 
of  117.6  and  113.0,  respectively.  They  were  interested  in  whether  a par- 
ticular logical  development  results  in  the  simultaneous  ability  to  solve 
related  problems,  i.e.,  transfer  of  training  and  whether  or  not  training 
has  any  effect  upon  age  of  acquisition  of  a certain  stage  or  ability 
level  as  postulated  by  Piaget.  In  order  to  answer  the  above  questions 
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they  replicated  Piaget’s  experiment  with  respect  to  the  acquisition  of 
measurement  abilities.  The  results  of  the  transfer  of  training  experi- 
ment showed  that,  while  transfer  was  not  spontaneous  but  serial  (occurred 
later),  the  sequence  of  events  was  as  Piaget's  theory  predicted.  Also, 
while  instruction  in  the  task  (measurement)  did  facilitate  acquisition 
of  the  operation,  it  was  also  found  that  the  children  in  the  first  grade 
(stages  I and  IIA)  were  not  able  to  achieve  operational  area  measure- 
ment (stage  IV)  "...  in  spite  of  the  training  and  measurement  instruc- 
tion." (4:618)  However,  it  was  shown  "...  that  the  Piaget  testing 
situation  itself  acts  to  facilitate  acquisition  of  operations  . . ."  and 
is, hence,  a learning  sequence  in  itself.  (4:617) 

Lunzer  (1960)  reports  the  findings  of  two  studies.  The  first  with 
an  N of  24  is  a replication  of  Piaget's  experiment  on  conservation  of 
volume.  Ihe  results  of  the  first  experiment  were  a clear  confirmation 
of  Piaget's  main  findings  in  the  development  of  conservation  of  volume. 
(14:196)  The  second  experiment  (N  of  40  on  children  of  age  12-13  years) 
was  to  test  Piaget's  assertion  that  conservation  of  displacement  volume 
and  the  ability  to  calculate  volume  by  multiplying  three  linear  dimen- 
sions depends  upon  the  notions  of  infinity  and  continuity.  "The  results 
do  not  support  his  contentions."  (14:201)  Lunzer  argues  that  just  be- 
cause certain  operations  follow  each  other  logically  in  mathematics  does 
not  mean  that  they  should  follow  psychologi.cally . 

Of  tne  four  studies  reported  by  Flavell  in  the  section  on  geometry, 
two,  Lunzer  (1960),  and  Beilin  and  Franklin  (1962),  are  reviewed  above, 
Lovell  and  Ogiloie  (1961)  gave  Piaget’s  conservation-of-volume  tests 
and  variations  of  these  to  191  British  children  in  the  age  group  seven 
to  eleven  years.  Their  results  were  the  following:  a)  Conservation  of 
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interior  volume  is  displayed  at  a generally  earlier  age  than  conserva- 
tion of  occupied  volume;  b)  some  of  the  children  incorrectly  attributed 
the  displacement  of  the  v/ater  to  the  v;eight  rather  than  the  volume  of 
the  solid  imm.ersed;  c)  the  means  used  to  establish  the  age  at  which  an 
understanding  of  occupied  volume  is  reached  varies  from  the  11-12  years 
age  postulated  by  Piaget.  (11:391) 

Braine’s  1959  report  also  contained  an  investigation  which  was  con- 
ducted on  the  same  group  of  children  as  his  first  nonverbal  task.  The 
subjects  were  first  trained  to  determine  the  longer  or  shorter  of  two 
uprights  where  candy  was  again  used  as  a positive  reinforcement.  Then 
using  an  upright  which  was  compared  to  the  first  two,  they  were  able  to 
infer  that  if  A>B  and  B>C,  then  A>C  at  an  earlier  age  than  predicted 
by  Piaget.  "Also,  those  children  who  were  capable  of  transitive  infer- 
ence made  more  precise  length  comparisons  in  a purely  perceptual  situa- 
tion - where  no  transitive  inference  was  possible  - than  children  who 
did  not."  (.11:391)  This,  of  course,  is  supporting  evidence  of  the  in- 
teraction of  intellectual  and  perceptual  spaces  discussed  in  Chapter  T. 
Also,  upon  making  a logical  analysis  of  the  operations  of  spatial  order 
and  of  transitive  inference,  Braine  found  them  to  be  very  much  alike  in 
contradiction  to  Lunzer,  reported  earlier.  On  the  basis  of  this  rela- 
tionship, it  was  predicted  that  there  was  developmental  interdependence 
bet^^7een  spatial  development  and  the  concept  of  transitivity.  This  pre- 
diction was  born  out  v/hen  the  two  operations  displayed  almost  identical 
growth  curves  and  when  children  who  were  able  to  function  with  one  were 
also  able  to  function  with  the  other. 
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Summary  and  Criticism 

Although  the  various  experimenters,  more  or  less,  agree  with  Pia- 
get as  to  his  stages  and  their  sequence,  they  are  not  convinced  of  the 
absolute  validity  of  his  entire  theory.  While  they  1)  believe  that  he 
may  have  let  his  love  of  logic  interfere  with  his  thinking,  2)  found 
varying  ages  for  the  stages,  3)  found  that  experience  may  have  an  ef- 
fect on  the  mastery  of  stages,  and  4)  that  the  testing  situation  itself 
may  be  a learning  situation,  only  one  (Lovell)  finds  it  necessary  to  at- 
tack his  basic  theory  as  such. 

Two  interpretors  of  Piaget,  Baldwin  and  Flavell,  give  us  some  good 
insights  into  Piaget’s  work  as  a whole.  As  to  his  methodology,  Baldwin 
feels  that  Piaget’s  experiments  have  been  badly  controlled  from  the  stand- 
point of  experimental  design  and  have  been  incompletely  reported. 

(3:297)  "Thus,  despite  the  enormous  amount  of  empirical  data  and  the 
general  confirmation  of  the  findings  whenever  these  experiments  are  re- 
peated by  other  people,  one  is  still  left  with  the  fact  that  all  of  these 
experiments  must  be  repeated  and  confirmed  by  someone  else  before  v;e  can 
be  confident  about  the  children’s  range  of  responses  to  the  experimental 
situations,  before  we  can  know  how  many  children  are  exceptions  to  the 
generalizations,  and  before  we  can  come  to  an  unbiased  view  of  the  em- 
pirical evidence."  (3:298)  Even  so,  Baldwin  relents  a little  xjhen  he 
asserts  that  if  we  look  at  Piaget’s  work  as  "exploratory  and  hypothesis- 
generating"  then  the  above  criticisms  lose  much  of  their  punch.  Further- 
more, Baldwin  asserts  that  Piaget’s  postulations  are  not  yet  a "rigorous 
theory  of  cognitive  development."  lie  goes  on  to  state  that  he  feels 
that  Piaget  became  over  enamored  with  mathematics  and  inappropriately 
tried  to  apply  mathematical  constructs  which  did  not  fit  the  data. 
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Flavell  categorizes  his  "complaints"  into  three  classes.  These 
are  the  following:  1)  matters  of  theory  and  interpretation;  2)  mat- 

ters of  experimental  design  and  data  analysis;  and  3)  matters  of  the 
upward  and  downward  relating  of  data  to  theory  and  interpretation." 
(11:427)  In  the  first  category,  Flavell  does  indeed  complain  about  the 
difficulty  involved  in  reading  Piaget.  Piaget's  definitions  lap  over 
from  book  to  book  and  mean  different  things  under  different  circumstances. 
It  is  contended  that  Piaget  leaves  "holes"  in  his  reasoning  from  the  em- 
pirical to  the  theoretical  and  that  he  leans  toward  over-theorizing. 
Flavell  is  generous  in  his  second  category  when  he  makes  it  clear  that 
Piaget  should  not  be  criticized  because  he  did  not  answer  questions 
which  his  research  was  not  intended  to  answer,  for  example,  the  affect 
of  socio-economic  background  of  subjects.  Also,  that  it  would  be  un- 
reasonable to  expect  Piaget  to  explore  in  detail  an  area  into  which  he 
had  "blazed  a trail."  On  the  other  hand,  Flavell  insists  that  much  of 
the  criticism  Piaget's  experiments  and  theory  have  received  is  due  to 
Piaget,  himself.  In  his  opinion,  Piaget  has  not  reported  that  "impor- 
tant minimum"  which  even  exploratory  work  should  make  clear.  Hence, 
colleagues  speak  of  validation  rather  than  extention.  Piaget  has  failed 
. . . "to  give  a clear  and  full  account  of  precisely  what  he  did  in  the 
experiment."  (11:430)  Not  enough  information  is  given  to  allow  the 
reader  to  make  his  own  judgments  as  to  what  is  to  be  concluded.  Ap- 
parently, Piaget  is  not  very  vigorous  in  his  sampling  procedures.  Even 
given  the  limitations  of  the  "clinical  method"  the  variations  in  proce- 
dure are  too  great.  Lastly,  Flavell  complains  that  Piaget  does  not  pre- 
sent even  the  most  basic  quantitative  information.  "As  instances,  he 
does  not  report  the  correlation  between  response  level  (stage)  and  age. 
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uor  even  the  essential  characteristics  of  the  age  distribution  at  each 
response  level  e.g,,  (ttie£ms  and  standard  deviations).”  (11:432) 

Finally,  the  third  type  of  complaint  concerning  theoretical  inter- 
pretation of  empirical  evidence  follows  froai  the  first  two  sets  of  pro- 
tests. Flavell  sees  Piaget  as  over in terpre ting  the  evidence.  He  feels 
Piaget  is  "unparsimonious"  in  his  interpretation  and  prone  to  ” . . .mul- 
tiplication and  manipulation  of  entities  beyond  necessity."  (11:433) 
Lastly,  there  is  the  tendency  to  make  a statement  without  the  necessary 
justifications  and  the  appearance  of  forcing  "...  unv^illing  data  into 
present  theoretical  molds.  . . ” (11:433) 

Even  with  all  these  serious  defects,  Flavell  is  basically  friendly 
tovjard  Piaget’s  theory  and  thinks  Piaget  may  be  the  foremost  person  in 
his  field.  As  a matter  of  fact,  Flavell  emphasizes  the  contribution  of 
Piaget’s  work  and  defends  it  against  v;hat  he  considers  to  be  unfair  cri- 
tic i.sni. 


aiAPTER  III 


DESIGN  AND  PROCEDURE 
Hypotheses 

Since  Piaget’s  theory  indicates  that  Euclidean  spatial  abilities 
should  start  developing  around  the  age  of  nine  or  ten  years  and  be  fully 
developed  at  age  twelve,  children  from  grades  seven  through  twelve 
should  manifest  perspective  abilities.  Hence,  the  main  hypothesis  of 
this  study  is  that  all  children  in  the  age  range  associated  with  grades 
seven  through  twelve  have  the  ability  to  visualize  the  two  dimensional 
perspectives  of  selected  solids  while  those  in  grades  one  through  six  do 
not. 

The  following  are  considered  as  subhypotheses  because  of  their  im- 
portance in  the  related  literature.  These  hypotheses  will  be  validated 
or  rejected  by  testing  the  statistical  or  null  hypotheses  which  immedi- 
ately follow  the  subhypotheses. 


S ubhypothes e s 


a. 


The  mean  ability  as  indicated  by  the  instrument  will  increase  as  the 


grade  level  increases. 


b.  The  mean  ability  as  indicated  by  the  instrument  will  increase  as  the 
chronological  age  increases. 

c.  The  mean  ability  as  indicated  by  the  instrument  will  be  the  same  for 


the  two  sexes. 
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d.  The  mean  ability  as  indicated  by  the  instrument  will  increase  as  the 
socio-economic  level  increases. 

e.  The  mean  ability  as  indicated  by  the  instrument  will  increase  as  the 
intellectual  ability  level  increases. 

f.  The  mean  ability  as  indicated  by  the  instrument  will  be  affected  by 
lower  order  interaction  between  grade  level,  sex  group,  and  I.  Q. 
level  and/or  by  lower  order  interaction  betxvzeen  age  level,  sex  groups 
and  I.  Q,  level. 

g.  There  will  be  more  variability  between  the  mean  ability  of  grades 
three  and  six,  than  between  the  mean  ability  of  grades  seven  and 
tv/elve  as  indicated  by  the  instrument. 

h.  There  will  be  more  variability  between  the  mean  ability  of  ages 
eight  and  eleven  than  between  the  mean  ability  of  ages  twelve  and 
eighteen  as  indicated  by  the  instrument. 

Statistical  Hypotheses 

1.  There  wrll  be  no  statistically  signi.ficant  differences  among  the 
grade  level  means  after  adjusting  for  the  covariates  of  sex,  socio- 
economic level,  I.  Q.  group,  and  age. 

2.  There  will  be  no  statistically  significant  differences  between  the 
means  of  the  correct  scores  for  the  different  grade  levels. 

3.  There  will  be  no  statistically  significant  differences  among  the  age 
levels  after  adjusting  for  the  covariates  of  sex,  socio-economic 
level,  I.  Q.  group,  and  grade  level. 

4.  There  will  be  no  statistically  significant  differences  between  the 
means  of  the  correct  scores  for  the  different  age  groups. 

5.  There  will  be  no  statistically  significant  regression  of  the  inde- 
pendent variable,  sex. 
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6.  There  will  be  no  statistically  significant  differences  between  the 
means  of  the  correct  scores  for  the  two  sexes. 

7.  There  will  be  no  statistically  significant  regression  of  the  inde- 
pendent variable  socio-economic  level. 

8.  There  will  be  no  statistically  significant  differences  between  the 
means  of  the  correct  scores  for  the  different  socio-economic  groups. 

9.  There  will  be  no  statistically  significant  regression  of  the  inde- 
pendent variable  intellectual  ability  level. 

10.  There  will  be  no  statistically  significant  difference  between  the 
means  of  the  correct  scores  of  the  various  ability  levels. 

11.  There  will  be  no  statistically  significant  interaction  between  grade 
level  and  sex  group. 

12.  There  will  be  no  statistically  significant  interaction  between  grade 
level  and  ability  level. 

13.  There  will  be  no  statistically  significant  interaction  between  sex 
groups  and  ability  levels. 

14.  There  will  be  no  statistically  significant  interaction  between  age 
groups  and  sex  groups. 

15.  There  will  be  no  statistically  significant  interaction  between  age 
groups  and  ability  levels. 

16.  There  will  be  no  statistically  significant  interaction  between  grade 
levels,  sex  groups,  and  ability  levels. 

17.  There  will  be  no  statistically  significant  interaction  between  age 
groups,  sex  groups,  and  ability  levels. 

There  will  be  more  variability  between  grades  seven  and  twelve  than 
grades  three  and  six. 


18. 
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19,  There  will  be  more  variability  between  ages  twelve  and  eighteen 
than  between  ages  eight  and  eleven. 

Design  of  Study 

The  general  design  of  this  study  is  that  of  survey  research  with 
the  use  of  statistical  methods  for  organizing  the  raw  data.  The  data 
were  collected  by  means  of  an  instrument  devised  by  this  writer. 

Approximately  twelve  hundred  public  school  students  in  Duval  County, 
Florida,  have  been  administered  the  instrument.  The  sample  population 
amounted  to  about  one  hundred  twenty  students  from  each  grade  level  se- 
lected for  this  research.  The  students  were  tested  in  class  groups  to 
facilitate  the  collection  of  a large  amount  of  data  in  a relatively  short 
length  of  time  and  to  minimize  the  amount  of  disruption  to  the  operation 
of  the  classes  themselves  and  to  the  schools  in  general. 

Appropriate  data  were  gathered  from  the  cumulative  folders  of  the 
respective  students  to  answer  questions  as  to  the  effect  of  any  of  the 
variables  --age,  grade,  sex,  socio-economic  status,  and  intelligence 
(as  indicated  by  an  I,  Q,  score)— on  a score  obtained  for  this  examina- 
tion, The  data  obtained  were  treated  with  the  statistical  techniques 
listed  under  the  section  entitled  Data  Analysis  Techniques,  One  hun- 
dred forty  examination  papers  were  rejected  because  there  were  insuffi- 
cient data  in  the  permanent  records  to  determine  intelligence  scores  or 
socio-economic  level.  The  information  most  frequently  missing  was  the 
intelligence  measure,  especially  in  the  lov;er  grades. 
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Pilot  Studies 

Both  preliminary  studies  were  conducted  in  P.  K.  Yonge  Laboratory 
School  at  the  University  of  Florida.  The  purpose  of  the  first  of  these 
investigations  was  to  determine  which  grades  were  to  be  tested  in  the 
main  study.  The  criteria  for  elimination  of  a grade  from  the  study  was 
that  75  percent  of  the  students  were  unable  to  successfully  answer  50 
percent  of  the  items  on  the  examination. 

A sample  of  five  children  was  chosen  from  each  of  the  grades,  one 
through  four.  Of  the  twenty  children  in  the  study,  nine  were  boys  and 
eleven  were  girls.  For  the  most  part,  intelligence  quotients  were  un- 
available. Those  available  indicated  the  subjects  were  of  average  or 
above  average  in  mental  abilities.  The  teachers  of  those  children  with 
no  record  of  mental  ability  measurement  affirmed  the  reporter's  suspi- 
cion that  the  remaining  children  were  most  likely  in  the  above  average 
category. 

The  subjects  were  tested  individually  in  the  play  room  at  the  lab- 
oratory school.  The  room  was  bare  of  all  toys.  The  experimenter  intro- 
duced himself  and  explained  that  they  would  be  looking  at  some  pictures 
and  generally  tried  to  make  the  youngsters  feel  more  comfortable.  The 
individual  subject  was  showi  each  of  the  solids  which  had  been  photo- 
graphed for  the  instrument.  The  solids  were  then  put  away  except  those 
which  were  used  for  the  practice  item.  These  were  placed  on  the  table 
between  the  experimenter  and  the  subjects.  An  arrow  and  a small  doll 
were  then  produced.  The  practice  item  was  placed  before  the  child  and 
the  possible  choices  were  explained.  The  arrow  was  pointed  at  the  pro- 
per side  of  the  solid  and  the  doll  was  placed  behind  the  arrow.  The 
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child  was  asked  what  the  doll  would  see  if  she  were  looking  at  the  ob- 
ject in  the  direction  of  the  arrow.  The  subject  was  then  asked  to  in- 
dicate his  choice  by  pointing  to  the  proper  response  on  the  practice 
item.  The  examiner  then  assured  himself  that  the  subject  understood 
the  task.  Thereafter  the  solids,  doll,  and  arrow  of  the  practice  item 
were  put  away. 

The  examiner  placed  each  printed  item  before  the  subject  and  re- 
corded the  subject’s  oral  responses  on  an  answer  sheet.  The  items  were 
presented  in  four  different  randomized  orders  in  cyclic  fashion  so  that 
each  particular  randomization  was  presented  to  at  least  one  child  at 
each  grade  level. 

The  results  may  be  seen  in  figure  1.  Note  that  the  means  of  the 
number  of  correct  responses  for  grade  one  was  7.6,  grade  two  was  10.0, 
grade  three  was  12.6,  and  grade  four  was  12.4.  On  the  basis  of  these 
data  and  the  criteria  listed  above  grades  one  and  two  were  eliminated 
from  the  large  study. 

The  purpose  of  the  second  pilot  study  was  to  perfect  mass  testing 
procedures  and  to  determine  whether  there  was  any  learning  effect  caused 
by  the  sequence  of  the  items  on  the  test.  To  accomplish  these  aims, 
two  tenth  grade  mathematics  classes  were  chosen  at  P.  K.  Yonge.  Each 
class  of  about  thirty  students  was  split  into  two  approximately  equal 
groups.  One  group  was  administered  the  instrument  as  it  appears  in 
Appendix  A.  The  other  was  given  one  of  the  randomized  sequences  of  items 
used  in  the  first  pilot  study.  This  form  of  the  test  was  accompanied  by 
an  appropriately  numbered  answer  sheet.  Both  halves  of  each  class  were 
tested  by  the  author  at  the  same  time. 

The  testing  procedure  was  as  follows.  The  examiner,  who  was  intro- 
duced by  the  teacher,  explained  that  they  would  be  looking  at  a different 
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GRADES 


FIGURE  1 

GRAPH  OF  MEANS  OF  CORRECT  SCORES  VS  GRADES  FOR  FIRST  PILOT  STUDY  (20  ITEMS) 
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type  of  "quiz."  At  this  point  the  examiner  stood  at  the  center  of  the 
froiitof  the  room  and  displayed  each  of  the  solids  v;hich  were  photo- 
graphed singularly  or  in  combination  for  the  test.  Because  of  previous 
difficulty  encountered  by  persons  reviewing  the  instrument,  properties 
of  the  tetrahedron  used  for  this  study  were  especially  pointed  out  and 
demonstrated.  All  solids  except  those  for  the  practice  item  were  put 
away.  Test  booklets,  answer  sheets,  and  instruction  sheets  were  then 
distributed.  The  answer  sheet  xvas  explained.  The  examiner  had  the  sub- 
jects read  silently  the  instruction  sheet  while  he  read  it  aloud.  The 
practice  item  was  demonstrated  with  the  proper  blocks  and  the  arrow. 
Student  questions  were  answered.  Approximately  twenty  seconds  were  al- 
lovjed  for  each  item.  Students  were  not  permitted  to  advance  to  the  next 
item  in  sequence  until  instructed  to  do  so  by  the  examiner.  They  were 
not  permitted  to  review  any  previously  attempted  item. 

The  mean  number  of  correct  responses  V7as  computed  for  each  type  of 
sequence  of  test  items.  The  resulting  values  for  these  means  were 
15,3929  and  15.2759.  The  two  sets  of  scores  v/ere.  analyzed  by  means  of 
a t-test  to  determine  if  there  was  a statistically  significant  differ- 
ence between  the  above  two  values  for  the  mean  scores.  No  significant 
difference  v;as  found  at  the  1 percent  level.  Therefore,  it  was  conclu- 
ded that  there  was  no  appreciable  learning  effect  caused  by  the  sequence 
of  items  in  the  instrument  as  it  appears  in  Appendix  A. 

Sampling  Procedures 

Because  of  the  practicalities  involved,  it  V74.S  planned  to  select 
one  of  the  fifteen  largest  school  systems  in  the  state  of  Florida  for 
the  main  study.  The  Duval  County  System  was  ch<3sen  because  of  convenience 
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as  determined  by  physical  proximity,  willingness  to  cooperate,  and  avai- 
lability of  student  personal  data.  With  the  aid  of  the  director  of  the 
appropriate  administrative  level,  four  schools — two  elementary,  one 
junior  high,  and  one  senior  high--were  arbitrarily  selected  from  a list 
of  schools  which  were  known  to  enroll  students  from  a broad  spectrum  of 
socio-economic  levels. 

Approximately  one  hundred  twenty  students  were  tested  from  each  of 
the  grades  three  through  twelve.  Two  elementary  schools  participated 
in  the  study  because  the  population  of  the  average  elementary  school  in 
Duval  County  allowed  for  only  three  classes  of  youngsters  at  each  grade 
level.  Therefore,  it  was  necessary  to  randomly  choose  two  classes  from 
each  grade  level  at  each  of  the  two  elementary  schools. 

At  the  junior  high  school  level  four  classes  of  mathematics  students 
were  selected  at  each  grade  level.  Almost  every  student  at  this  school 
took  math  courses  so  this  procedure  provided  a valid  sample  of  students 
at  each  grade  level.  This  particular  junior  high  school  was  ability 
grouped  so  one  slow  group,  two  average,  and  one  high  ability  group  was 
examined  in  each  grade. 

The  high  school  presented  somevjhat  of  a problem  for  sampling  in 
that  not  everyone  took  mathematics.  Therefore,  it  was  decided  to  choose 
classes  in  which  the  largest  number  of  students  might  be  enrolled. 
Classes  5.n  American  History,  World  History,  and  Psychology  were  judged 
to  be  best  suited  as  representative  of  the  student  population  because 
they  were  heterogenously  grouped.  A random  sample  of  four  classes  or 
approximately  one  hundred  twenty  students  was  administered  the  instru- 
ment at  each  grade  level. 
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Examination  Procedures 

The  testing  situation  was  structured  in  the  following  manner.  The 
examiner  was  introduced  to  the  class  and  he  assured  the  examinees  that 
their  school  marks  would  not  be  affected  by  the  outcome  of  the  test. 

The  answer  sheets  and  pencils  were  then  distributed,  and  the  answer  sheet 
was  explained  with  examples  of  possible  responses.  The  examiner  then 
displayed  each  solid  which  comprised  all  or  a part  of  the  figures  which 
had  been  photographed  as  items  for  the  instrument.  The  special  proper- 
ties of  the  tetrahedron  of  the  test  were  given  special  emphasis.  The 
solids  were  all  put  away  except  those  needed  for  the  practice  item  w'hich 
was  numbered  with  a zero.  At  this  point,  the  examination,  the  instruc- 
tion sheet,  and  the  practice  item  were  distributed.  The  instructions 
were  read  aloud  to  the  examination  group  while  they  read  along  silently. 
The  practice  item  was  then  demonstrated  with  the  necessary  solid  compo- 
nents and  indicator  of  direction.  An  answer  was  chosen  for  item  zero, 
and  it  was  seen  that  everyone  xmder stood  the  task. 

Instructions  were  given  to  the  effect  that  the  examinees  were  to 
take  the  test  at  the  same  rate  and  that  one  may  not  go  back  and  vrork 
on  any  item  previously  attempted.  Approximately  fifteen  seconds  were 
allowed  for  each  item.  Very  few  students  found  that  this  was  insuffi- 
cient time.  The  signal  to  proceed  was  given  by  calling  out  the  number 
of  the  items  on  which  the  subjects  v;ere  to  be  working.  See  appendices 
for  examination  and  instruction  sheet. 

Coding  Procedures 

Before  collecting  student  personal  data,  it  was  decided  to  code  the 
data  at  the  schools  while  reviewing  the  cumulative  folders.  The  data 
were,  therefore,  coded  according  to  the  following  conventions. 
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The  grade  was  marked  as  it  was  listed  in  the  cumulative  folder. 

The  age  was  registered  to  the  nearest  birthday.  Sex  was  recorded  as  it 
appeared  in  the  cumulative  folder.  The  Otis  Dudley  Duncan  scale  was 
divided  into  three  divisions  and  assigned  the  follov7ing  numerals.  The 
divisions  were  0 through  40  - 1,  41  through  60  - 2,  and  61  through  100  - 
3.  Intelligence  scores  were  separated  into  three  classes.  Scores  below 
89  were  assigned  the  numeral  - 1.  Scores  between  90  and  110  were  as- 
signed the  numeral  - 2.  Lastly,  scores  111  and  above  were  assigned  the 
numeral  - 3. 

The  Otis  Dudley  Duncan  scale  is  a one  hundred  point  "...  socio- 
economic index  for  each  of  the  occupations  in  the  detailed  classifica- 
tion of  the  1950  Census  of  Population."  (19:115)  Information  from  the 
1950  Census  concerning  the  education  and  income  of  the  various  occupa- 
tions were  use^  to  predict  the  rating  obtained  on  the  NORC  - National 
Opinion  Research  Center  - prestige  scale  for  the  respective  occupations. 
(19:115) 

The  various  general  types  of  workers  grouped  together  on  the  exper- 
imenter 3 adopted  three-point  scale  is  as  follows.  Service  workers,  farm 
laborers  and  foremen,  operatives  and  kindred  workers,  craftsmen,  fore- 
men, and  kindred  workers  constituted  category  one.  Managers,  officials, 
proprietors,  clerical  and  kindred  workers,  and  sales  workers  were  clas- 
sified  in  the  number  two  category.  The  third  category  constituted  pro- 
fessional, technical,  and  kindred  workers.  These  are  gross  generaliza- 
tions and,  therefore,  caused  some  overlapping  of  categories  but  is  still 
a close  approximation  to  the  various  groups.  (19:155) 

The  classifications  of  the  intelligence  scores  on  the  Kuhlmann- 
Anderson  intelligence  test  is  a modification  of  that  shown  in  Table  6 
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of  the  Norms  Manual  for  the  seventh  edition  of  the  aforementioned  test, 
(2:18)  The  modifications  consisted  of  lumping  together  the  classifica- 
tions named  "Dull”  and  "Mentally  Retarded"  into  a group  with  scores  less 
than  89  for  the  first  category.  The  second  category  is  comprised  of 
those  scores  between  90  and  110  and  constitutes  the  Kuhlmann-Anderson 
"average  group."  The  last  modification  of  the  Kuhlmann-Anderson  classi- 
fication consisted  of  changing  the  upper  limit  of  the  "average  group" 
classification  from  109  to  110.  The  "Superior"  and  "Very  Superior"  clas- 
sifications X'/ith  scores  above  111  made  up  the  third  category  used  by 
this  writer.  The  reason  for  using  just  three  categories  was  to  get  as 
many  subjects  as  possible  into  each  group  and  thus  avoid  empty  cells  in 
the  statistical  procedures. 

Data  Analyses  Techniques 

The  data  were  treated  xvith  three  statistical  methods.  A four-way 
analysis  of  variance  utilizing  a general  linear  hypothesis  computer  pro- 
gram which  allows  up  to  txjenty  empty  cells  was  run  on  the  variables  of 
sex,  ability  level,  age  group  and  socio-economic  level.  A second  four- 
way analysis  of  variance  was  run  on  the  variables  of  sex,  socio-economic 
level,  ability  level,  and  grade  level.  (See  Chapter  V)  It  was  origin- 
ally planned  to  use  a five-way  analysis  of  variance.  However,  the  inclu- 
sion of  both  grade  level  and  age  would  make  it  theoretically  possible 
to  have  18-year  olds  in  the  third  grade.  This  type  of  possibility  would 
lead  to  a number  of  empty  cells  which  was  well  beyond  the  limits  of  the 
presently  available  program  for  analysis  of  variance.  The  information 
lost  by  running  the  txvo  four -way  analysis  instead  of  the  five-xvay  ana- 
lysis was  interaction  effects  between  grade  and  age  and  fifth-order  in- 
teraction effects  among  the  variables. 
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The  statistical  technique  analysis  of  covariance  was  used  twice. 

The  first  analysis  stripped  out  the  effects  of  sex,  ability  level,  socio- 
economic background  and  age  level.  This  adjusted  score  was  plotted  a- 
gainst  the  independent  variable  of  grade  (See  Chapter  V).  The  second 
analysis  stripped  out  the  effects  of  sex,  ability  level,  socio-economic 
background  and  grade.  The  resulting  adjusted  score  was  plotted  against 
age,  (See  Chapter  V). 

The  last  statistical  techniques  were  used  to  examine  the  instru- 
ment. An  item  analysis  was  carried  out  to  determine  the  level  of  dif- 
ficulty and  degree  of  discrimination  of  the  test  items.  A reliability 
coefficient  xvas  computed  using  the  split  halves  method  and  the  Spearman- 
Bro\m  Prophecy  formula. 


CHAP'iER  IV 


niE  INSTRUMENT 
Introduction 

The  instrument  (see  Appendix  A)  consisted  of  a twenty-page,  twenty- 
item  paper  and  pencil  examination  with  a practice  item  comprising  a 
whole  page  inserted  before  the  main  test.  An  instruction  page  prece- 
ded the  practice  item.  Each  page  of  the  test  contained  only  one  item. 
Each  item  consisted  of  a photograph  of  an  arrow  pointed  at  a solid  fig- 
ure positioned  at  the  top  of  the  sheet  of  paper. 

The  function  of  the  instrument  was  to  obtain  a measure  of  the  abil- 
ity of  children  to  visualize  two-dimensional  perspectives  of  solid  fig- 
ures. More  generally,  the  purpose  of  the  research  was  to  determine  at 
what  age  or  grade  children  were  able  to  obtain  a maximum  correct  score 
with  this  instrument,  which  would  be  indicative  of  the  above  ability. 

The  ability  to  visualize  perspectives  of  solid  figures  has  been  estab- 
lished as  an  Euclidean  spatial  task  and,  therefore,  indicates  the  be- 
ginnings of  Piaget's  Euclidean  spatial  period.  The  instrument  detects 
this  period. 

The  arrow  in  the  primary  photograph  of  each  item  indicated  the  di- 
rection from  which  the  subject  was  to  visualize  each  solid.  Below  the 
photograph  on  each  page  were  four  smaller  photographs,  each  of  which 
pictured  a different  two-dimensional  perspective  of  the  solid.  Each  of 
these  smaller  photographs  represented  a possible  response  and,  together 
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with  a fifth  choice:  "None  of  these  views  is  seen  from  the  position  of 

the  arrow,  ' comprised  the  total  of  the  possible  answers  for  a particular 
item.  Upon  being  asked  "...  to  imagine  what  the  block  would  look  like 
Lf  you  were  directly  behind  the  arrow  looking  at  the  block,"  the  subjects 
chose  from  one  of  the  possible  five  responses. 

In  every  case,  one  of  the  four  smaller  photographs  was  an  actual 
photograph  of  the  solid  in  question  from  the  proper  point  of  view.  A 
fifth  choice  was  included  to  discourage  a forced  guess.  Correct  answers 
were  assigned  positions  on  each  of  the  items  by  random  numbers.  The  sub- 
jects were  given  sufficient  time  to  consider  and  attempt  every  item. 

In  Chapter  I,  four  assumptions  were  made  about  the  instrument  ad- 
ministered in  this  research.  The  first  assumption  concerned  the  valid- 
ity of  the  instrument  and  will  be  argued  in  the  section  entitled  "Valid- 
ity." Assumptions  two  and  three  which  were  related  to  item  difficulty 
and  discrimination  respectively,  will  be  discussed  within  the  section 
entitled  "Item  Analysis."  And  the  fourth  assumption,  which  pertained 
to  reliability,  will  be  examined  within  the  section  called  "Reliability." 

Validity 

The  question  of  concern  was  whether  or  not  the  instrument  used  in 
this  research  was  valid  for  measuring  the  ability  of  children  to  visu- 
alize two-dimensional  perspectives  of  solid  figures?  There  are  two  types 
of  the  several  kinds  of  validity  which  seem  to  be  appropriate  to  answer- 
ing this  question  with  the  characteristics  of  this  reseach.  These  two 
types  of  validity  are  content  validity  and  face  validity. 
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Content  Validity 


The  first  step  in  judging  constructor  validity  as  defined  by  Davis 
(8:32-34)  is  to  define  the  ability  to  be  measured.  As  stated  before, 
it  was  desired  to  determine  whether  or  not  children  were  able  to  visua- 
lize two-dimensional  perspectives  of  solid  figures  after  viewing  the 
solid  from  a three-dimensional  perspective. 

Step  number  two  involves  examining  each  item  to  determine  what 
skills  or  abilities  were  necessary  to  give  a correct  answer.  The  twenty 
items  of  the  original  instrument  were  separated  into  seven  categories. 
The  seven  categories  and  the  appropriate  item  numbers  are  as  follows: 

1)  Those  items  depicting  single  solid  figures  having  no 
general  name:  1,  6,  15,  16; 

2)  Those  items  depicting  a cylinder,  either  alone  or  in 

combinations  with  another  solid:  2,  7,  13,  14; 

3)  Those  items  depicting  a cone,  either  alone  or  in  com- 
bination with  other  solids:  3,  12; 

4)  Those  iteais  depicting  a tetrahedron,  either  alone  or 

in  combination  with  other  solids:  4,  20; 

5)  Those  items  depicting  a large  rectangular- shaped  solid 
in  combination  with  either  a rectangular-shaped  solid, 
a square-sahped  solid,  or  a triangular-shaped  solid: 

8,  9,  10,  17; 

6)  Those  items  depicting  a pyramid,  either  alone  or  in 

combination  with  another  solid:  11,  19;  and 

7)  Those  items  depicting  a sphere  in  combination  with  an- 
other solid  or  a hemisphere  alone:  5,  18. 

It  is  appropriate  here  to  comment  on  the  practice  item.  The  prac- 
tice item  pictured  the  3"  X 4"  X 1"  rectangular  solid  standiirg  on  its 
shorter  end  with  an  oval-shaped  1"  thick  solid  mounted  on  top.  The  ar- 
row was  pointed  orthogonally  toward  the  4"  X 3"  surface  of  the  rectangu- 
lar solid.  The  ability  necessary  to  choose  a correct  answer  was  to 
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imagine  what  the  combination  of  solids  would  look  like  from  the  direc- 
tion of  the  arrow.  Specifically,  this  involved  realizing  the  solids 
would  appear  as  a rectangle  with  an  oval  in  the  center  of  the  top  side. 
The  correct  response  was  number  4, 

The  first  of  the  items  in  category  one  (item  1)  pictured  a 1"  X 
1"  X 3"  rectangular  solid  with  an  arrow  pointing  orthogonally  at  the 
right  hand  square-shaped  end.  The  ability  necessary  to  choose  the  cor- 
rect answer  for  this  item  was  the  ability  to  place  oneself  behind  the 
arrow  and  to  imagine  what  the  square-shaped  end  would  look  like.  Spe- 
cifically, this  meant  realizing  that  the  indicated  view  was  a square. 

The  answer  was  a photograph  of  the  appropriate  end  of  the  solid  depicted 
in  choice  number  3, 

The  second  item  in  category  number  one  (item  6)  pictured  a 3"  X 
4"  X 5"  X 1"  triangular  prism  with  an  arrow  pointing  orthogonally  at 
the  triangular-shaped  face  nearest  the  viewer.  The  ability  necessary 
to  choose  the  correct  answer  for  this  item  was  to  place  oneself  behind 
the  arrow  and  imagine  how  the  solid  would  appear  from  that  view.  Speci- 
fically, this  meant  realizing  that  the  longer  of  the  3"  and  4"  sides 
was  on  the  left  side  of  the  figure  from  the  appropriate  view.  The  cor- 
rect response  was  number  4, 

The  third  item  in  category  number  one  (item  15)  pictured  a 5"  X 
2"  X 3"  X 1"  X 1"  trapezoidal-shaped  solid  with  an  arrow  pointed  at  the 
3"  side  of  the  trapezoid  orthogonal  to  the  altitude  of  the  trapezoid. 

The  ability  necessary  to  choose  the  correct  answer  was  to  imagine  how 
the  solid  would  look  from  the  direction  of  the  arrow.  Specifically, 
this  entailed  realizing  that  the  indicated  view  resembled  a rectangle. 
The  correct  response  was  number  4, 
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The  fourth  item  in  the  first  category  (item  16)  pictured  a 2"  X 
3"  X 4"  X 2"  right  triangular  solid  with  an  arrow  pointed  orthogonally 
at  the  triangular-shaped  right-hand  side  of  the  solid.  The  ability  nec- 
essary to  choose  the  correct  ansvjer  was  to  visualize  how  the  solid 
would  appear  from  the  direction  of  the  arrow.  Specifically,  this  called 
for  realizing  that  the  indicated  view  was  that  of  a right  triangle  with 
the  hypotenuse  on  the  left-hand  side.  The  correct  response  was  number 
1. 

The  first  item  in  category  number  two  (item  2)  pictured  a cylinder 
with  a diameter  of  1 3/4"  and  an  altitude  of  2"  with  an  arrow  pointed 
Orthogonally  at  one  of  the  bases  as  the  cylinder  lies  on  its  side.  The 
ability  necessary  to  choose  the  correct  answer  was  to  imagine  how  the 
solid  would  appear  from  the  direction  of  the  arrow.  Specifically,  this 
called  for  the  realization  that  the  base  of  the  cylinder  would  appear 
to  be  a circle.  The  correct  response  was  number  4. 

The  second  item  of  category  number  two  (item  7)  pictured  a cylinder 
with  a diameter  of  1 3/4"  and  an  altitude  of  1/2"  with  an  arrow  pointed 
orthogonally  to  the  lateral  axis  of  the  cylinder.  The  ability  necessary 
to  choose  the  correct  answer  was  to  visualize  what  the  solid  would  look 
like  from  the  direction  of  the  arrow.  In  particular,  this  would  involve 
realizing  that  the  cylinder  would  appear  as  a horizontal  rectangle  from 
the  indicated  view.  The  correct  response  was  number  4. 

The  third  item  of  category  number  two  (item  13)  pictured  a 3"  X 
5"  X 1"  rectangular  solid  with  the  larger  cylinder  positioned  toward  the 
rear  of  the  block  with  the  arrow  pointed  orthogonally  at  the  longer  side 
of  the  rectangular  solid.  The  ability  necessary  to  choose  the  correct 
answer  was  to  imagine  how  the  solid  figure  would  appear  when  viewed  from 
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the  direction  of  the  arrow.  Specifically,  this  involved  realizing  that 
the  cylinder  appeared  to  be  on  the  right-hand  side  when  viewed  from  the 
indicated  direction.  The  correct  response  was  number  4. 

The  fourth  item  of  category  number  two  (item  14)  pictured  the  large 
cylinder  and  a hemisphere  of  1 3/4"  diameter  on  top  of  the  cylinder. 

The  arrow  was  pointed  orthogonally  to  the  lateral  axes  of  both  cylinder 
and  hemisphere.  The  ability  needed  to  choose  the  correct  answer  was  to 
visualize  the  solid  figure  from  the  direction  of  the  arrow.  In  particu- 
lar, this  involved  realizing  that  the  solid  figure  would  appear  as  a 
rectangle  with  a half  circle  on  top.  The  correct  response  was  number  1. 

The  first  item  of  the  third  category  (item  3)  pictured  a cone  with 
a base  diameter  of  1 3/4"  and  an  altitude  of  2".  The  arrow  was  pointed 
orthogonal  to  the  altitude  of  the  cone.  The  ability  needed  to  choose 
the  correct  response  was  to  imagine  what  the  cone  would  look  like  from 
the  direction  of  the  arrow.  In  particular,  this  involved  realizing 
that  the  cone  would  appear  as  a triangle  with  a slightly  round  apex  and 
base.  The  correct  response  was  number  4. 

The  second  item  of  the  third  category  (item  12)  pictured  the  above 
cone  on  a 2"  X 2"  X 1"  base.  The  arrow  pointed  orthogonally  in  the  di- 
rection of  the  altitude  of  the  cone.  The  ability  needed  to  choose  the 
correct  response  was  the  ability  to  imagine  what  the  solid  figure  would 
look  like  from  the  view  indicated  by  the  arrow.  Specifically,  this 
involved  realizing  that  the  cone  and  square-shaped  solid  would  appear 
as  a triangle  mounted  on  a rectangle.  The  correct  response  was  number  2. 

The  first  item  of  the  fourth  category  (item  4)  pictured  a tetra- 
hedron with  two  of  the  sides  perpendicular.  The  arrow  was  pointed  at 
one  of  the  sloping  sides  of  the  tetrahedron  and  parallel  to  its  base. 
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The  ability  needed  to  choose  the  correct  answer  was  the  ability  to 
imagine  how  the  tetrahedron  XTOuld  look  from  the  direction  of  the  arrow. 
Specifically,  this  involved  realizing  that  from  the  direction  of  the 
arrow  the  solid  appeared  as  a right  triangle  with  the  longer  leg  on  the 
left-hand  side.  The  correct  response  was  number  1. 

The  second  item  in  the  fourth  category  (item  20)  pictured  the  pre- 
ceding tetrahedron  mounted  on  a 2”  X 2"  X 3"  X 1"  triangular  base.  The 
arrow  pointed  at  one  of  the  sloping  faces  of  the  tetrahedron  parallel 
to  the  base  of  the  tetrahedron.  The  ability  necessary  for  choosing  the 
correct  answer  was  the  ability  to  imagine  what  the  solid  figure  would 
look  like  from  the  direction  of  the  arrow.  Specifically,  this  involved 
realizing  how  the  solid  would  appear  as  a right  triangle  mounted  on  a 
rectangle  with  the  right  angle  of  the  triangle  on  the  right-hand  side. 
The  correct  response  v7as  number  4. 

The  first  item  of  the  fifth  group  (item  8)  pictured  a 2"  X 4"  X 1" 
rectangular  solid  with  the  1”  X 1"  X 3”  solid  from  the  first  item  of 
the  first  group  mounted  on  top  and  to  the  rear  of  the  rectangle.  The 
arrow  pointed  orthogonally  at  the  long  aide  of  the  rectangle.  The  abil- 
ity necessary  for  choosing  the  correct  answer  was  the  ability  to  imagine 
what  the  solid  figure  would  look  like  from  the  direction  of  the  arrow. 

In  particular,  this  involved  realizing  that  the  solid  would  look  like  a 
rectangle  with  another  smaller  rectangle  mounted  on  top.  The  correct 
response  was  number  2. 

The  second  item  of  the  fifth  group  (item  9)  pictures  the  3"  X 4"  X 
1"  rectangular  solid  with  a 2"  X 2"  X 1"  solid  mounted  on  top  and  to  the 
back  left  of  the  larger  rectangle.  The  arrow  pointed  orthogonally  toward 
the  longer  side  of  the  rectangle.  The  ability  necessary  for  choosing 
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the  correct  answer  was  the  ability  to  imagine  what  the  solid  would  look 
like  from  the  direction  of  the  arrow.  Specifically,  this  involved  rea- 
lizing that  the  solid  would  appear  to  be  a long  rectangle  with  a shorter 
one  on  top  and  to  the  right-hand  side.  The  correct  response  was  number 

3. 

The  third  item  of  the  fifth  group  (item  10)  pictured  the  3"  X 4"  X 
1"  rectangular  solid  with  the  2"  X 2"  X 1"  rectangular  solid  placed  in 
the  center  of  the  top  surface  of  the  larger  rectangular  solid.  The  ar- 
row was  pointed  orthogonally  toward  the  longer  side  of  the  rectangular 
solid.  The  ability  necessary  for  choosing  the  correct  answer  was  the 
ability  to  imagine  what  the  solid  figure  would  look  like  from  the  direc- 
tion of  the  arrow.  Specifically,  this  involved  realizing  that  the  solid 
would  appear  to  be  a long  rectangle  with  a shorter  rectangle  on  top  and 
in  the  center  of  the  first.  The  correct  response  was  number  3. 

The  fourth  item  in  the  fifth  group  (item  17)  pictured  the  3”  X 
4"  X 1"  rectangular  solid  with  a right  triangular  prism  measuring  3” 
thick  having  an  altitude  of  2"  mounted  on  top  and  to  the  rear  of  the 
rectangular  solid.  The  arrow  pointed  orthogonally  toward  the  longer 
side  of  the  rectangular  solid  and  orthogonally  toward  the  triangular  sur- 
face of  the  top  solid.  The  ability  necessary  for  choosing  the  correct 
answer  was  the  ability  to  imagine  what  the  solid  figure  would  look  like 
from  the  direction  of  the  arrow.  Specifically,  this  involved  realizing 
that  the  right  angle  of  the  triangular-shaped  solid  was  toward  the  center 
of  the  rectangular-shaped  block,  and  the  triangular-shaped  solid  would 
appear  on  the  right  side  of  the  rectangular-shaped  solid  when  viewed 
from  the  long  side  of  the  rectangular-shaped  solid.  The  correct  response 


was  number  4. 
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The  first  item  of  the  sixth  group  (item  11)  pictured  a regular  py- 
ramid with  a 2"  X 2"  base  and  a 2"  altitude.  The  arrow  was  pointed  or- 
thogonally toward  the  altitude  of  the  pyramid.  The  ability  necessary 
to  choose  the  correct  answer  was  the  ability  to  visualize  the  appear- 
ance of  the  solid  from  the  position  of  the  arrow.  Specifically,  this 
entailed  realizing  that  the  solid  would  look  like  a triangle  with  base 
do\im  from  the  indicated  view.  The  correct  response  was  number  3. 

The  second  item  of  the  sixth  group  (item  19)  pictured  the  regular 
pyramid  from  the  item  one  of  this  group  mounted  on  a 2"  X 2"  X 1"  base. 
The  arrow  was  again  pointed  at  the  altitude  of  the  pyramid.  The  ability 
necessary  to  choose  the  correct  answer  was  the  ability  to  visualize  the 
solid  from  the  direction  of  the  arrow.  Specifically,  this  involved 
realizing  that  the  solid  would  appear  as  a triangle  on  top  of  a rec- 
tangle from  the  indicated  view.  The  correct  response  was  number  1. 

The  first  item  of  the  seventh  and  last  group  (item  5)  pictured  the 
3"  X 4"  X 1"  rectangular  solid  with  a 1 3/4"  diameter  sphere  mounted  in 
the  center  of  the  top  surface  of  the  rectangular  solid.  The  arrow 
pointed  orthogonally  at  the  long  side  of  the  rectangle.  The  ability 
necessary  to  choose  the  correct  answer  was  the  ability  to  visualize  the 
solid  from  the  direction  of  the  arrow.  Specifically,  this  involved 
realizing  that  the  solid  would  appear  as  a long  rectangle  with  a circle 
centered  on  top.  The  correct  response  was  number  3. 

The  second  item  of  the  seventh  group  (item  18)  pictured  a 1 3/4" 
hemisphere  with  the  arrow  pointed  at  the  surface  and  parallel  to  the 
base.  The  ability  necessary  to  choose  a correct  answer  was  the  ability 
to  visualize  the  hemisphere  from  the  direction  of  the  arrow.  Specifi- 
cally, this  entailed  realizing  that  the  hemisphere  would  look  like  a 
semicircle  from  the  indicated  view.  The  correct  response  was  number  3. 
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Since  the  subject  was  requix'ed  to  imagine  the  perspective  of  the 
solid  in  the  direction  of  the  arrow,  it  is  important  that  camera  loca- 
tion for  the  large  photographs  be  discussed.  Considering  each  solid 
figure  to  be  at  the  origin  of  a three-dimensional  system  having  axes, 

X,  y,  and  z,  all  of  the  photographs  were  taken  from  a position  of  30° 
up  from  the  xy  plane  and  30°  to  the  right  of  the  zy  plane.  This  camera 
location  provided  a view  from  x^;hich  three  surfaces  of  each  solid  could 
be  seen  so  as  to  distinguish  it  as  a three-dimensional  figure. 

The  third  step  in  constructor  validity  is  the  comparison  of  the 
abilities  measured  and  the  definition  of  the  ability.  Three  persons 
were  asked  to  examine  the  instrument  and  judge  whether  it  measured  what 
it  was  supposed  to  have  measured.  These  judges  included  one  geometri- 
cian and  two  mathematics  educators.  All  agreed  the  instrument  did  in- 
deed measure  the  ability  to  visualize  two-dimensional  perspectives  of 
solid  figures. 

Scoring  procedures  constitute  the  fourth  step  of  constructor  val- 
idity. The  total  number  of  correct  responses  was  counted  as  the  total 
score.  A correction  formula  for  guessing  was  not  used. 

The  fifth  constructor  validity  step  involves  test  directions.  The 
test  directions  were  as  follows: 

The  following  is  a multiple  choice  test  consisting  of 
photographs  of  various  combinations  of  the  blocks  which  you 
have  been  shown.  Each  page  of  the  test  will  have  a photo- 
graph of  a block  with  an  arrow  pointing  toward  the  block. 

Your  task  is  to  imagine  what  the  block  would  look  like  if 
you  were  directly  behind  the  arrow  looking  at  the  block. 

You  may  choose  from  the  four  smaller  photographs  or  if 
you  think  none  of  the  photographs  represent  x^7hat  you  would 
see,  mark  no.  5.  Turn  to  item  0 on  the  first  page.  What 
x-jould  your  choice  be?  (Answer  - no.  4) 

We  xvill  all  take  the  test  at  the  same  rate.  When  I 
give  the  signal  turn  to  item  number  one.  Then  we  will  turn 
a page  every  15  seconds,  I will  say  the  word  "turn"  when 
you  are  to  go  to  the  next  item. 
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It  can  be  seen  from  the  above  that  the  task  is  clearly  outlined 
and  practiced  before  the  test  administration.  Doubt  concerning  the  cor- 
rectness of  the  available  responses  were  taken  into  account  by  answer 
number  5 on  each  item.  Since  the  instrument  v/as  not  a forced  guess  type 
of  test,  no  instructions  were  given  for  guessing.  The  time  allotted  for 
the  test  is  plainly  stated.  The  scoring  procedure  was  omitted.  However, 
the  author  believes  that  by  not  mentioning  the  scoring  instruction,  the 
examinee  \TOuld  assume  the  total  score  would  be  the  total  number  of  items 
answered  correctly. 

The  last  step  in  constructor  validity  is  to  comment  on  testing 
conditions.  It  was  judged  that  the  nature  of  the  test  items  and  the 
situations  in  which  the  test  was  administered  were  such  as  to  cause  the 
examinees  to  answer  honestly  and  to  the  best  of  their  abilities. 

Face  Validity 

"Face  validity  indicates  the  extent  to  which  a test  appears  on  cas- 
ual inspection,  especially  by  examinees  or  laymen,  to  measure  what  it  is 
intended  to  measure."  (8:34)  The  test  consisted  of  as  few  written  ma- 
terials as  possible  and  was  mostly  comprised  of  photographs.  Sometimes 
the  children  could  be  observed  during  a testing  session  leaning  over  to 
try  to  view  down  the  arrow  toward  the  solid  figure.  The  test  appeared 
to  be  well  received  and  understood. 

Item  Analysis 

An  item  analysis  was  completed  to  determine  the  level  of  difficulty 
and  the  degree  of  discrimination  of  the  test  items.  The  analysis  was 
executed  by  means  of  an  appropriate  program  for  "Iterative  Bidimensional 
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Item  Analysis"  for  an  IBM  360  computer.  Using  a criterion  level  of  90 
per  cent  of  the  examinees  passing  the  individual  item,  two  items,  num- 
bers 11  and  19,  were  rejected  with  difficulty  levels  of  91.7  per  cent 
and  90.3  per  cent,  respectively.  These  items  were  judged  to  be  "too 
easy." 

The  biserial  correlation  of  each  item  with  the  mean  of  the  total 
score  was  calculated  to  determine  the  discrimination  of  each  item  on 
the  examination.  The  criterion  used  was  a biserial  correlation  coef- 
ficient of  0.3000.  All  items  with  a biserial  value  below  this  level 
were  rejected  because  of  poor  discrimination,  i.e.,  failure  to  differ- 
entiate between  the  upper  and  lower  scoring  groups. 

Five  items  had  biserial  values  below  the  criterion  level  and  were 
rejected.  These  were  items  numbered  3,  4,  15,  18,  and  20.  See  Table 
1 for  the  respective  biserial  coefficients. 


TABLE  1 

TEST  ITEhS  REJECTED  BECAUSE  OF  POOR  DISCRIMINATION 


ITEM  NUMBER 

BISERIAL 

3 

0.104 

4 

0.227 

15 

0.192 

18 

0.271 

20 

-0.160 

It  should  be  noted  that  item  20  had  a negative  correlation  value. 
This  implies  that  item  20  was  correctly  answered  more  often  by  persons 
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scoring  in  the  lower  half  of  the  total  score  range  than  by  those  scoring 
in  the  upper  half  of  the  total  score  range. 

The  remaining  thirteen  items  were  judged  to  be  acceptable  and  may 
be  found  listed  with  the  respective  biserial  correlation  in  Table  2. 

The  rejected  items  x^ere  subjected  to  analysis  a second  time  and  were 
again  rejected.  Therefore,  the  total  possible  score  of  correct  answers 
for  the  instrument  was  reduced  from  twenty  to  thirteen.  A new  score 
was  computed  from  the  raw  data  for  each  examinee  on  this  basis. 

TABLE  2 

ACCEPTABLE  TEST  ITEMS 


BISERIAL  VALUE 
0.807 
0.467 
0.371 
0.570 
0.707 
0.612 
0.722 
0.792 
0.456 
0.787 
0.40  7 
0.793 
0.736 


ITEM  NUMBER 
1 
2 

5 

6 

7 

8 
9 

10 

12 

13 

14 
16 
17 
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Reliability 

There  are  essentially  two  ways  of  thinking  of  reliability.  The 
first  is  that  of  "precision  of  measurement  of  a set  of  scores."  (8:20) 
The  second  way  of  thinking  of  reliability  is  that  reliability  is  the 
true  variance  part  of  the  observed  variance  of  test  scores  from  the 
mean  test  score.  (10:216) 

The  reliability  coefficient  for  the  sample  tested  for  this  re- 
search was  computed  in  the  following  manner.  A program  for  an  IBM  350 
computer  was  written  to  perform  a split-halves  analysis  of  reliability 
using  the  Spearman-Brown  prophecy  formula  on  the  retained  items.  The 
resulting  reliability  coefficient  had  a value  of  0.8046. 

To  take  into  account  the  effect  of  the  range  of  the  large  sample 
and  to  provide  a measure  of  "accuracy  of  measurement"  in  this  research, 
the  standard  error  of  measurement  was  also  computed.  The  corresponding 
value  was  found  to  be  1.2686.  It  is,  therefore,  possible  to  assert 
then  that  using  a two-tailed  test  that  the  obtained  score  was  within 
2.4865  or  3 units  of  the  true  score  with  a .95  level  of  confidence. 
Also,  the  obtained  score  could  be  construed  to  be  within  3.2667  or  3 
units  of  the  true  score  at  the  .99  level  of  confidence. 

A complete  listing  of  the  raw  data  may  be  found  in  Appendix  B. 


CHAPTER  V 


PRESENTATION,  ANALYSIS,  AND  DISCUSSION  OF  DATA 
Description  of  the  Sample 

The  sample  was  drawn  from  the  Duval  County  school  system,  the  sec- 
ond largest  in  the  State  of  Florida.  Approximately  1250  students  were 
tested  from  four  public  schools  in  this  county.  The  final  number  of 
usable  pieces  of  data  was  1067.  The  sampling  procedures  have  been  de- 
scribed in  detail  earlier  in  Chapter  III. 

The  sample  included  555  males  comprising  52  percent  of  the  sample, 
and  512  females  comprising  48  percent  of  the  sample.  The  boys  and  girls 
ranged  in  age  from  eight  years  to  nineteen  years.  The  children  attended 
school  in  grades  three  through  twelve.  A breakdown  of  boys  and  girls 
in  each  grade  is  presented  in  Table  3 below. 

TABLE  3 

FREQUENCY  TABLE  OF  SEX  BY  GRADE  LEVEL 


Grade 

3 

4 

5 

6 

7 

Male 

64 

54 

52 

61 

48 

Female 

43 

43 

67 

53 

54 

Total 

107 

97 

119 

114 

102 

8 

9 

10 

11 

12 

Total 

50 

47 

75 

51 

53 

555 

60 

54 

32 

48 

58 

512 

110 

101 

107 

99 

111 

1067 
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Table  4 gives  a similar  division  for  the  number  of  boys  and  girls 
in  each  age  group  (to  the  nearest  birthday), 

TABLE  4 

FREQUENCY  TABLE  OF  SEX  BY  AGE  GROUP 


Age 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17  18 

19 

Total 

Male 

32 

53 

58 

55 

44 

54 

57 

63 

47 

64  26 

2 

555 

Female 

28 

34 

63 

61 

46 

53 

66 

38 

39 

55  28 

1 

512 

Total 

60 

87 

121 

116 

90 

107 

123 

101 

86 

119  54 

3 

1067 

Table 

5 is 

particularly  interesting  in  that  it  shows  the  distribu- 

tion  of 

the 

youngsters  of 

each  age  ; 

group  by  grade  level.  It 

is 

to  be 

noted  that  there  was  a very  narrow  range  of  ages  in  each  grade  and  that 
most  subjects  fell  into  one  of  two  groups  at  each  grade  level. 

The  subjects'  intelligence  levels,  as  measured  by  the  Kuhlmann- 
Anderson  test  administered  by  the  individual  schools,  ranged  from  the 
upper  seventies  to  the  upper  one  hundred  forties  . After  dividing 
this  range  as  outlined  in  Ghapter  III,  there  were  three  mental  ability 
groups.  Study  of  Table  6 and/or  Table  7 reveals  that  there  were  (going 
from  low  to  high)  44  subjects  or  4.1  percent  of  the  sample  in  ability 

group  I,  520  subjects  or  48.7  percent  of  the  sample  in  ability  group  II, 

* 

and  503  subjects  or  47.1  percent  of  the  sample  in  ability  group  III. 


58 


TABLE  5 

FREQUENCY  TABLE  OF  GRADE  LEVEL  BY  AGE  GROUP 


8 9 10  11  12  13  14  15  16  17  18  19  Total 


Grade 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

Total 


60  40  6 

- 47  48 

65 
2 


60  87  121 


1 - - 

2 - - 

48  3 2 

65  41  6 

- 46  50 

49 


116  90  107 


1 

6 

56 

60 


123 


— 

- 

- 

- 

- 

107 

- 

- 

- 

- 

- 

97 

- 

- 

- 

- 

- 

119 

- 

- 

- 

- 

- 

114 

- 

- 

- 

- 

- 

102 

5 

- 

- 

- 

- 

110 

36 

5 

- 

- 

— 

101 

60 

40 

6 

1 

- 

107 

- 

41 

51 

6 

1 

99 

- 

- 

62 

47 

2 

111 

101 

86 

119 

54 

3 

1067 

TABLE  6 

frequency  table  of  ability  level  by  grade  level 


Grade 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Total 

I.  Q. 

1 

3 

6 

3 

4 

9 

5 

1 

8 

3 

2 

44 

2 

41 

42 

60 

52 

51 

60 

51 

57 

50 

56 

520 

3 

63 

49 

56 

58 

42 

45 

49 

42 

46 

53 

503 

Total 

107 

97 

119 

114 

102 

110 

101 

107 

99 

111 

1067 

Table  6 indicates  subject  frequency  in  each  ability  group  at  each 


grade  level 
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Table  7 points  up  the  sparsity  of  sxabjects  in  category  I even  more 
than  Table  6,  for  there  are  more  age  levels  than  grade  levels.  There 
was  a lack  of  category  I subjects  at  both  ends  of  the  age  range  as 
shown  in  Table  7.  However,  when  viewed  in  terms  of  grades  as  in  Table 
6,  the  category  I people  are  even  more  dispersed.  The  reason  that  so 
few  category  I subjects  appeared  in  the  sample  was  that  I.  Q.  scores 
averaged  in  the  108-110  range  rather  than  averaging  100  as  designed, 

TABLE  7 

FREQUENCY  TABLE  OF  ABILITY  LEVEL  BY  AGE  GROUP 


Age 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Total 

I.  Q. 

1 

0 

3 

6 

4 

1 

7 

7 

2 

6 

5 

2 

1 

44 

2 

16 

36 

57 

48 

50 

54 

67 

55 

43 

56 

36 

2 

520 

3 

44 

48 

58 

64 

39 

46 

49 

44 

37 

58 

16 

0 

503 

Total 

60 

87 

121 

116 

90 

107 

123 

101 

86 

119 

54 

3 

1067 

As  discussed  in  Chapter  III,  the  socio-economic  spectrum  was  seper- 
ated  into  three  levels.  Examination  of  Table  S and/or  Table  9 reveals 
that  there  were  519  subjects  or  49.6  percent  of  the  sample  in  the  lowest 
group,  category  I,  285  subjects  or  26.7  percent  of  the  sample  in  category 
II,  and  243  subjects  or  23.7  percent  of  the  sample  in  category  III. 

The  evidence  indicates  that  even  though  the  sample  schools  were 
picked  for  their  wide  range  of  socio-economic  levels,  almost  one  half  of 
the  children  in  the  sample  belonged  to  the  so-called  "lower-lower  and 
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upper-lower"  socio-economic  classes.  Table  8 gives  the  frequency  of  sub- 
jects in  the  various  socio-economic  groups  as  they  occurred  at  each  ‘ 
grade  level.  Even  in  individual  grades,  the  category  I people  compose 
nearly  one  half  of  the  subjects. 


TABLE  8 

FREQUENCY  TABLE  OF  SOCIO-ECONOMIC  LEVEL  BY  GRADE  LEVEL 


Grade 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Total 

SES 

1 

48 

97 

65 

55 

53 

59 

54 

60 

47 

56 

519 

2 

30 

29 

32 

27 

29 

23 

33 

27 

27 

28 

285 

3 

29 

39 

22 

32 

20 

28 

14 

20 

25 

27 

243 

Total 

107 

97 

119 

114 

102 

110 

101 

107 

99 

111 

1067 

TABLE  9 

FREQUENCY  TABLE  OF  SOCIO-ECONOMIC  LEVEL  BY  AGE  GROUP 


Age 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Total 

SES 

1 

22 

32 

55 

55 

47 

57 

68 

58 

44 

57 

32 

2 

529 

2 

18 

26 

39 

29 

22 

23 

35 

25 

21 

37 

9 

1 

285 

3 

20 

29 

27 

32 

21 

27 

20 

18 

21 

25 

23 

0 

253 

Total 

60 

87 

121 

116 

90 

107 

123 

101 

86 

119 

54 

3 

1067 
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Table  9 illustrates  also  that  the  number  of  category  I subjects 
nearly  matches  that  of  category  II  and  III  combined.  Looking  at  the 
frequencies  for  nineteen-year  olds,  it  is  interesting  to  note  that 
there  were  no  nineteen-year  olds  from  category  III.  The  frequencies  of 
eighteen-year  olds  is  also  unexpected  when  one  notes  the  number  of  cate- 
gory II  subjects. 


Results  of  Data  Analyses 

The  research  hypothesis  was  that  all  children  in  the  age  range 
associated  with  grades  seven  through  twelve  have  the  ability  to  visua- 
lize the  two  dimensional  perspectives  of  selected  solid  figures,  while 
those  in  grades  one  through  six  do  not.  The  subhypotheses  of  the  main 
hypotheses  were  listed  in  Chapter  III,  page  29.  The  statistical  hypo- 
theses associated  with  each  subhypothesis  were  tested  with  either  ana- 
lysis of  covariance,  analysis  of  variance,  or  both.  The  data  were 
treated  with  two  separate  analyses  of  covariance.  The  first  analysis 
was  to  determine  the  effect  of  grade  on  the  ability  to  perform  well  on 
the  instrument,  and  the  second  was  to  determine  the  effect  of  age  on 
the  ability  to  perform  well  on  the  instrument.  Also,  the  data  were 
treated  with  two  four-way  analyses  of  variance.  The  first  involved  the 
independent  variables,  sex,  socio-economic  level,  I.  Q.  measure,  and 
grade  level. 

The  second  four -way  analysis  of  variance  involved  the  independent 
variables  of  sex,  socio-economic  level,  I.  Q.  measure  and  age  group. 

In  both  of  the  variance  analyses,  the  'levels  of  I.  Q.  measure  were 
reduced  from  three  to  two  to  avoid  empty  cells.  This  was  judged  rea- 
sonable since  the  disregarded  level,  category  I,  had  only  forty-four 
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subjects  in  it.  Therefore,  category  I for  I.  Q.  became  the  average 
group  and  category  II  became  the  above  average  group.  In  the  former 
analysis  of  variance,  the  grade  levels  were  collapsed  as  follows: 

Grades  three  and  four  become  level  I;  grades  five  and 
six  become  level  II;  grades  seven  and  eight  become  level 
III;  grades  nine  and  ten  become  level  IV;  and  grades  ele- 
ven and  twelve  become  level  V.  Similarly,  age  groups  were 
collapsed  for  the  later  analysis  of  variance  as  follows: 
age  eight  and  nine  become  group  I;  ages  ten  and  eleven  be- 
come group  II;  ages  twelve  and  thirteen  become  group  III; 
ages  fourteen  and  fifteen  become  group  IV;  ages  sixteen  and 
seventeen  become  group  V;  and  ages  eighteen  and  nineteen  be- 
come group  VI. 

However,  the  four-way  analysis  of  variance  information 
could  not  be  used  because  too  many  empty  cells  occurred 
even  after  the  above  precautions.  See  Table  10  and  Table 
11. 

Upon  examining  the  analysis  of  covariance  and  analysis  of  variance 
data  available,  it  was  found  that  all  four  analyses  showed  that  socio- 
economic level  was  not  significant  at  the  5 percent  level  and  as  such 
was  eliminated  from  each  of  the  analysis  of  variance  designs.  (See  sub- 
hypothesis  d)  The  collapsed  levels  of  grade  and  age  were  again  expanded 
except  that  the  eighteen  and  nineteen-year  olds  were  still  grouped  to- 
gether. Two  three-way  analyses  of  variance  designs  were  applied  to  the 
data  with  the  independent  variables  as  grade  level,  sex,  and  I.  Q.  group 
for  the  first  analysis  and  age  level,  sex,  and  I.  Q.  group  for  the  sec- 
ond analysis. 
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TABLE  10 


ANALYSIS 

OF  VARIANCE  TABLE  FOR  GRADE, 

SEX,  SOCIO-ECONOMEG  LEVEL  AND  I.Q. 

Source 

Sum  of  Squares 

D.F.  Mean  Square  F-Ratlo 

Mean 

0.0 

0 

0.0 

0,0 

Grade  (1) 

1524.70630 

3 

508.23535 

87.29588 

Sex  (2) 

0.0 

0 

0.0 

0.0 

SES  (3) 

11.08871 

1 

11.08871 

1,90453 

IQ  (4) 

0.0 

0 

0.0 

0.0 

1X2 

32.83107 

3 

10.94368 

1.87972 

1X3 

83.76027 

7 

11.96575 

2.05527 

1X4 

22.65279 

3 

7.55093 

1,29697 

2X3 

2.69561 

1 

2.69561 

0.46300 

2 X 4 

0.0 

0 

0.0 

0.0 

3X4 

4.71189 

1 

4.71189 

0.80933 

1X2X3 

58.22432 

7 

8.31776 

1.42868 

1X2X4 

13.01280 

3 

4.33760 

0 . 74504 

1X3X4 

25.04768 

7 

3.57824 

0.61461 

2X3X4 

5.54194 

1 

5,54194 

0.95190 

1234 

52.05065 

7 

7.43581 

1.27719 

Error 

5612.39485 

64 

5.82199 
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TABLE  11 


ANALYSIS 

OF  VARIANCE  TABLE 

FOR  AGE,  SEX, 

SOCIO-ECONOMIC 

LEVEL  AND  I.Q. 

Source 

Sura  of  Squares 

D.F. 

Mean  Square 

F-Ratio 

Mean 

0.0 

0 

0.0 

0.0 

Age  (1) 

1314.13793 

4 

328.53442 

54.10515 

Sex  (2) 

0.0 

0 

0.0 

0.0 

SES  (3) 

20.60297 

1 

20.60297 

3.39303 

IQ  (4) 

0.0 

0 

0.0 

0.0 

1X2 

23.36100 

4 

5.84025 

0.95181 

1X3 

86.97562 

9 

9.66396 

1.59152 

1X4 

34.38575 

4 

8.59644 

1.41572 

2X3 

0.22266 

1 

0.22266 

0.03667 

2X4 

0.0 

0 

0.0 

0.0 

3X4 

0.59295 

1 

0.59295 

0.09755 

1X2X3 

30.61235 

9 

3.40137 

0.56016 

1X2X4 

21.88710 

4 

5.47178 

0.90113 

1X3X4 

41.52495 

9 

4.61388 

0.75984 

2X3X4 

0.21250 

1 

0.21250 

0.03500 

1234 

36.42804 

9 

4.04756 

0.66658 

Error 

5780.68365 

952 

6.07215 
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Since  the  analysis  of  variance  table  does  not  lend  itself  to  dis- 
section for  listing  under  each  null  hypothesis,  the  analysis  of  variance 
tables  will  be  shown  first  with  necessary  t-test  or  multiple  range  tests 
as  required  by  the  corresponding  null  hypothesis. 

Table  12  is  the  three-way  analysis  on  the  independent  variables  of 
grade  level,  sex,  and  I.  Q.  group.  There  are  ten  levels  of  grades,  two 
groups  of  sex,  and  two  groups  of  I.  Q. 

TABI£  12 

ANALYSIS  OF  VARIANCE  TABLE  FOR  GRADE,  SEX,  AND  I.Q. 


Source  Sum  of  Squares 


D.F.  Mean  Square  F-Ratio 


Mean 

99926 

Grade 

1840 

Sex 

61 

IQ 

190 

1X2 

68 

1X3 

48 

2X3 

0 

1X2X3 

40 

Error 

5747 

.11885  1 
.26540  9 
.50517  1 
.21542  1 
.93521  9 
.56323  9 
.31401  1 
.45973  9 
.99677  983 


99926.06250 

204.47392 

61.50516 

190.21541 

7.65947 

5.39591 

0.31401 

4.49552 

5.84740 


1 7088.96484 
34.96834 
10.51837 
32.52989 
1.30989 
0.92279 
0.05370 
0.76881 


Table  13  is  the  three-way  analysis  of  variance  table  for  the  vari- 
able age  level,  sex,  and  I.  Q.  levels. 

There  are  eleven  age  groups,  two  groups  of  sex,  and  two  I.  Q.  levels. 

Subhypothesis  a:  The  mean  ability  as  indicated  by  the  instrument 

will  increase  as  the  grade  level  increases. 

Null  Hypothesis  1.  There  will  be  no  statistically  signi- 
ficant difference  among  the  grade  levels  after  adjusting  for 
the  covariates  of  sex,  socio-economic  level,  I.  Q.  group  and 
age. 


66 


TABLE  13 

ANALYSIS  OF  VARIANCE  TABLE  1A)R  AGE,  SFOC,  AND  I,  Q. 


Source  Sura  of  Squares  D.F.  Mean  Square  F-Ratio 


Mean 

85782.01175 

1 

85782.00000 

14357.38572 

Age 

1552.26928 

10 

155.22690 

25.98042 

Sex 

68.30071 

1 

68.30070 

11.43153 

IQ 

190,19598 

1 

190.19597 

31.83322 

1X2 

75.48274 

10 

7.54827 

1.26336 

1X3 

66.03437 

10 

6.60344 

1.10522 

2X3 

0.37427 

1 

0.37427 

0.05264 

1X2X3 

28.01765 

10 

2.80176 

0,45893 

Error 

5849.29635 

979 

5.97476 

Table  15  is  the  analysis  of  covariance  table  for  the  variate,  grade. 
Note  that  the  F-ratio  among  grades  is  8.781  with  9,  and  1053  degrees  of 
freedom  is  significant  at  and  beyond  the  .05  level.  (22:279-280) 
Therefom,  the  null  hypothesis  was  rejected. 

TABLE  14 

RESULTS  TABLE  FOR  KRAMER  MULTIPLE  RANGE  '.lEST 
ON  ADJUSTED  MEANS  OF  GRADES 


Grade 

3 

4 

5 

6 

7 

8 

12 

9 

11 

10 

X 

7.24 

8.14 

9.70 

9.87 

10.68 

11.00 

E.15 

11.25 

11.28 

11.36 

n 

107 

97 

119 

114 

102 

110 

111 

101 

99 

107 

ANALYSIS  OF  COVARIANCE  TABLE  FOR  THE  DEPENDENT  VARIABLE,  GRADE 
AND  INDEPENDENT  VARIABLES,  SEX,  AGE,  SOCIO-ECONOMIC  LEVEL,  AND  I 
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Any  two  means  not  underlined  by  the  same  line  are  significantly 
different  at  the  .05  level,  and  any  two  means  underscored  by  the  same 
line  are  not  significantly  different  at  the  .05  level.  The  above  is 
from  Kramer,  1956. 

Null  Hypothesis  2.  There  will  be  no  statistically  signi- 
ficant differences  between  the  means  of  the  correct  scores 
for  the  different  grade  levels. 

An  examination  of  Table  12  shows  that  the  F-ratio  for  grades  is 
34.96834  for  9 and  983  degrees  of  freedom.  This  F-ratio  is  significant 
at  the  .05  level  and  the  null  hypothesis  was  rejected, 

TABLE  16 

RESUL'rS  TABLE  FOR  KRAMER  MULTIPLE  RANGE  TEST 
ON  UNADJUSTED  MEANS  OF  GRADES 


Grade 

3 

4 

5 

6 

7 

8 9 

12 

10 

11 

X 

7.36 

8.83 

9.65 

9.98 

10.82 

11.01  11.27 

11.29 

11,40 

11.49 

n 

104 

91 

116 

110 

93 

106  99 

109 

99 

96 

Any  two  means  notmderlined  by  the  same  line  are  significantly 

different  at  the  .05  level,  and  any  two  means  underscored  by  the  same 

line  are  not  significantly  different  at  the  .05  level. 

Subhypothesis  b:  The  mean  ability  as  indicated  by  the  instru- 

ment will  increase  as  the  chronological  age  increases. 

Null  Hypothesis  3.  There  will  be  no  statistically  sig- 
nificant differences  between  the  age  levels  after  adjusting 
for  the  covariates  of  sex,  socio-economic  level,  I.  Q.  group, 
and  grade . 


ANAYLSIS  OF  COVARIANCE  TABLE  FOR  THE  DEEENDENT  VARIABLE,  AGE 
INDEPENDENT  VARIABLES,  SEX,  SOCIO-ECONOMIC  LEVEL,  I .Q . , ANT)  GRADE 
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An  analysis  of  covariance  for  the  variate  age  level  with  indepen- 
dent variables  sex,  socio-economic  level,  I.  Q.,  and  grade  appears  in 
Table  17.  Note  that  the  F-ratio  for  among  age  groups  is  5.876  with  10 
and  1052  degrees  of  freedom  respectively  is  significant  at  the  .05  level 
and  the  null  hypothesis  was  rejected. 

TABLE  18 

RESULTS  TABLE  FOR  KRAJSEJl  MULTIPLE  RANGE  TEST 
ON  ADJUSTED  MEANS  OF  AGES 


Ages  8 17  18&19  9 16  10  15  14  11  13  12 


9.61  9.79  9,84  10.11  10,60  10.82  10.82  11.15 
87  86  121  101  123  116  107  90 


Any  two  means  not  underscored  by  the  sa?ne  line  are  significantly  dif- 
ferent at  the  .05  leve],  and  any  two  means  underscored  by  the  same  line 
are  not  significantly  different  at  the  .05  level. 

Null  Hypothesis  4.  There  will  be  no  statistically  signi- 
ficant differences  between  the  means  of  the  correct  scores  for 
the  different  age  groups. 

Table  13  shows  an  F-ratio  of  25.98042  with  10  and  979  degrees  of 
freedom  for  interaction  between  age  groups  which  is  significant  at  the 
.05  level.  The  null  hypothesis  was  rejected. 


X 

9.42 

9.50 

9.53 

n 

60 

119 

57 

71 


TABLE  19 

RESULT'S  TABLE  FOR  KRAMER  MULTIPLE  RANGE  TEST 
ON  UNADJUSTED  MEANS  OF  AGES 


Age 

8 

9 

10 

11 

12 

13 

14 

15 

16 

18  & 19 

17 

X 

7.62 

7.99 

8.58 

10.06 

10.06 

10.86 

11.14 

11.16 

11.20 

11 . 33 

11.48 

n 

60 

84 

115 

112 

89 

100 

116 

99 

80 

54 

114 

Any  two  means  not  underscored  by  the  same  line  are  significantly 

different  at  the  .05  level,  and  any  two  means  underscored  by  the  same 

line  are  not  significantly  different  at  the  .05  level. 

Subhypothesis  c.  The  mean  ability  as  indicated  by  the  instrument 
will  be  the  same  for  the  two  sexes. 

Null  Hypothesis  5.  There  will  be  no  statistically  sig- 
nificant regression  of  the  independent  variable,  sex. 

Table  20  which  shows  the  within  error  for  the  analysis  of  covariance 

on  grade  lists  the  regression  coeficients,  their  standard  error,  and 

associated  t-test  values.  The  t-value  of  the  sex  coefficient  is  -3.1694 

which  is  significant  at  the  .05  level  and  beyond.  (22:271) 

Table  21  shov/s  the  corresponding  within  error  for  the  analysis  of 

covariance  on  age  groups.  Again  the  t-score,  3.1134,  of  the  coefficient 

of  the  sex  covariate  in  the  regression  model  is  significant  at  the  .05 

level  and  beyond  and  the  null  hypothesis  was  rejected. 
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TABLE  20 

TABLE  OF  COEFFICIENTS,  STANDARD  ERRORS, AND  COMPUTED  T-VALUES 
FOR  ANALYSIS  OF  COVARIANCE  WITH  GR^\DE  AS  DEPENDENT  ViUUABLE 
AND  SEX,  AGE  SOCIO-ECONOMIC  LEVlilL.AND  I.Q.  AS  INDEPENDENT  V.\RIABLES 


Error  (Within) 

Ind.  Var.  Coefficient  Stand.  Error  T-Value 


Sex 

-0.4845 

0.1529 

-3.1694 

Age 

0.0318 

0.1325 

0.2403 

SES 

0.2028 

0.0950 

2.1336 

IQ 

1.0301 

0.1440 

7.1556 

TABLE  21 

TABLE  OF  COEFFICIENTS , STANDARD  ERRORS,  AND  COMPUTED  T-VALUES 
FOR  ANALYSIS  OF  COVARIANCE  WITH  AGE  AS  DEPENDENT  VARIABLE 
AND  SEX,  SOCIO-ECONOMIC  LEVEL, AND  I .Q . , AND  GRADE  AS  INDEPENDENT 

VARIABLES 


Error  (Within) 

Ind.  Var.  Coefficient  Stand.  Error  T-Value 


Sex 

-0.4771 

0.1532 

-3,1134 

SES 

0.1745 

0.0950 

1.8380 

IQ 

0.9903 

0.1443 

6.8638 

Grade 

0.4793 

0.1396 

3.4346 

73 


Null  Hypothesis  6;  There  will  be  no  statistically  sig- 
nificant  drtTe~fence  'between  the  means  of  the  correct  scores 
for  the  two  sexes , 

An  examination  of  Table  12  and  Table  13  shows  that  the  F-ratio  be- 
tween sexes  is  10.51837  with  1 and  983  degrees  and  11.43153  with  1 and 
979  degrees  of  freedom  which  were  significant  at  the  .05  level  and,  the 
null  hypotheses  were  rejected. 

Since  the  difference  between  the  means  was  significant,  a t-test 

was  applied  to  the  data.  With  a mean  of  10,4267  for  the  boys  and 

10.0763  for  the  girls,  a t-score  of  2.0020  with  1021  degrees  of  freedom 

was  obtained.  This  value  was  significant  at  the  .05  level. 

Subhypothesis  d:  The  mean  ability  as  indicated  by  the  instrument 

will  increase  as  the  socio-economic  level  increases. 

Null  Hypothesis  7:  There  will  be  no  statistically  sig- 

nificant regression  of  the  independent  variable,  socio-economic 
leve 1 . 

Table  20  reveals  a t-value  of  2.1336  for  the  regression  coefficient 
of  socio-economic  level  with  grade  as  the  variable.  This  t-value  is 
significant  at  the  .05  level.  Table  21,  on  the  other  hand,  shows  a t- 
value  of  1.8380  for  the  regression  coefficient  of  socio-economic  level 
with  age  as  the  variable.  This  t-value  is  not  significant  at  the  ,05 
level.  An  analysis  of  covariance  was  run  on  the  dependent  variable, 
socio-economic  level  with  independent  variables  age  group,  grade  level, 
sex  group,  and  I.  Q.  level  in  order  to  resolve  the  conflict  between  the 
above  data.  An  F-ratio  of  1,282  witti  2 and  1016  degrees  of  freedom  was 
obtained.  (See  Table  22)  This  F-value  is  not  significant  at  the  ,05 
level.  Therefore,  the  null  hypothesis  was  not  rejected. 

Null  Hypotheses  8:  There  will  be  no  statistically  sig- 

nificant difference  between  the  means  of  the  correct  scores 
for  the  different  socio-economic  groups. 
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The  four -way  analysis  of  variance  on  the  collapsed  cells  (See 

Tables  10  and  11)  described  at  the  first  of  this  section  showed  F-ratios 

between  socio-economic  levels  to  be  1.90453  with  1 and  964  degrees  of 

freedom  for  the  grade  analysis  and  3.39303  with  1 and  952  for  the  age 

analysis.  Neither  of  these  F-ratios  was  significant  at  the  .05  level. 

Hence,  the  null  hypothesis  was  not  rejected. 

Subhypothesis  e.  The  mean  ability  as  indicated  by  the  instrument 
will  increase  as  the  intellectual  ability  level  increases. 

Null  Hypothesis  9.  There  will  be  no  statistically  sig- 
nificant regression  of  the  independent  variable,  intellectual 
ability  level. 

Table  20  and  Table  21  indicated  a t-score  of  7.1556  and  6.8638  for 
three  levels  of  intellectual  ability.  The  scores  for  both  the  covari- 
ance on  grades  and  ages  were  significant  at  the  .05  level  and  beyond. 
Therefore,  the  null  hypothesis  was  rejected. 

Null  Hypothesis  10.  There  will  be  no  statistically  sig- 
r^i-fi-cant  difference  between  the  means  of  the  correct  scores 
of  the  various  ability  levels. 

The  three-way  analysis  of  variance  tables.  Table  12  and  Table  13, 

show  F-ratios  of  32.52989  with  1 and  983  degrees  of  freedom  and  31.83322 

with  1 and  979  degrees  of  freedom  for  the  grade  analysis  and  age  analyses, 

respectively.  Both  of  these  F-ratios  are  significant  at  the  .05  level 

and  beyond.  Therefore,  the  null  hypothesis  was  rejected. 

A t-test  was  applied  to  the  data  to  determine  the  greater  of  the 

means.  The  mean  for  category  I was  9.9481,  and  the  mean  for  category 

II  was  10.5746.  The  analysis  resulted  in  a t-score  of  -3.5961  with 

1021  degrees  of  freedom.  This  t-score  is  significant  at  the  .05  level. 

g.^.^fr.^gglhesis  f.  The  mean  ability  as  indicated  by  the  instrument 
wrll  be  effected  by  lower  order  interaction  between  grade  level,  sex 

group,  and  I.  Q.  level,  and/or  by  lower  order  interaction  between  age 
level,  sex  group,  and  I.  Q.  level. 


76 


Null  Hypothesis  11:  There  will  be  no  statistically  sig- 

nificant interaction  between  grade  level  and  sex  group. 

The  analysis  of  variance  on  grade  level,  sex  group,  and  ability 
level  resulted  in  an  F-ratio  of  1,30989  with  9 and  983  degrees  of  free- 
dom for  the  grade  level  and  sex  group  interaction  as  shown  in  Table  12. 
The  F-ratio  was  not  significant  at  the  .05  level  and  the  null  hypothe- 
sis was  not  rejected. 

Null  Hypothesis  12:  There  will  be  no  statistically  signi- 

ficant interaction  between  grade  level  and  ability  level. 

Table  12  reveals  that  the  analysis  of  variance  for  grade  level, 
sex  group,  and  ability  yields  an  F-ratio  of  0,92279  with  9 and  983  de- 
grees of  freedom  for  grade,  I.  Q.  interaction.  F-value  is  not  signi- 
ficant at  the  .05  level.  Therefore,  the  null  hypothesis  was  not  re- 
jected . 

Null  Hypothesis  13:  There  will  be  no  statistically  sig- 

nificant interaction  between  sex  groups  and  ability  level. 

Table  12  and  Table  13,  respectively,  show  F-ratios  of  .05370  with 
1 and  983  degrees  of  freedom  and  .05264  with  1 and  979  degrees  of  free- 
dom for  the  grade,  sex,  and  ability,  and  age,  sex,  and  ability,  respec- 
tively. Neither  of  these  F-values  is  significant  at  the  .05  level. 
Hence,  the  null  hypothesis  was  not  rejected. 

Null  Hypothesis  14:  There  will  be  no  statistically  sig- 

nificant interaction  between  age  groups  and  sex  groups. 

Inspection  of  Table  13  reveals  F-ratio  of  1.26335  for  10  and  979 

degrees  of  freedom  in  the  age,  sex,  I.  Q.  run  of  analysis  of  variance. 

This  F-ratio  is  not  significant  at  the  .05  level.  Therefore,  the  null 

hypothesis  was  not  rejected. 

Null  Hypothesis  15:  There  will  be  no  statistically  sig- 

riificant  interaction  between  age  groups  and  ability  levels 
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The  F-ratio  from  Table  13  is  1.10522  for  10  and  979  degrees  of 
freedom.  This  F-value  is  not  significant  at  the  .05  level.  Hence, 
the  null  hypothesis  was  not  rejected. 

Null  Hypothesis  16;  There  will  be  no  statistically  sig- 
nificant  in  ter  actio^Te  tween  grade  levels,  sex  groups,  and 
ability  levels. 

ExamJ-nation  of  Table  12  shows  an  F-ratio  of  0.75881  with  9 and 
983  degrees  of  freedom.  Such  an  F-value  is  not  significant  at  the  .05 
level.  Therefore,  the  null  hypothesis  was  not  rejected. 

Null  Hypothesis  17:  There  will  be  no  statistically  sig- 

nificant interaction  between  age  groups,  sex  groups,  and 
ability  levels. 

Inspection  of  Table  13  reveals  an  F-ratio  of  0,46893  with  10  and 
979  degrees  of  freedom.  This  F-value  is  not  significant  at  the  .05 
level.  Hence,  the  null  hypothesis  was  not  rejected. 

Since  none  of  the  above  interactions  were  significant,  the  inter- 
action sums  of  squares  and  degrees  of  freedom  were  pooled  with  the 
error  sum  of  squares  and  error  degrees  of  freedom  in  both  the  analysis 
of  variance  chart  for  grade,  sex,  and  I.  Q.  in  Table  13,  and  in  the 
analysis  of  variance  chart  for  age,  sex,  and  I.  Q.  in  Table  15.  The 
resulting  F-ratios  were  very  little  different  from  the  unpooled  F-ratios. 

The  pooled  F-ratios  were  still  significant  at  the  ,05  level  and 
beyond.  See  Table  23  and  Table  24  following. 
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TABLE  23 

ANALYSIS  OF  VARIANCE  TABLE  FOR  GRADE,  SEX,  AND  I.  Q. 
WITH  POOLED  INTERACTION  TERFB 


Source 

Sum  of  Squares 

D.F. 

Mean  Square 

F-Ratio 

Mean 

Grade 

Sex 

IQ 

Error 

99926.11885 

1804.26540 

61.50517 

190.21542 

5906.26895 

1 

9 

1 

1 

1011 

99926.06250 

204.47392 

61.50516 

190,21541 

5.84201 

17088.95484 

34.96834 

10.51837 

32.52989 

17,104.74006 
35.00061 
10.52808 
32,5  5 99  3 

TABLE  24 

ANALYSIS  OF  VARIANCE  TABLE  FOR  AGE 
WITH  POOLED  INTERACTION 

, SEX,  AND  I. 
TERNS 

Q. 

Source 

Sum  of  Squares 

D.F. 

Mean  Square 

F-Ratio 

Mean 

Age 

Sex 

IQ 

Error 

85782.01175 

1552.26928 

68.30071 

190.19598 

6019.20538 

1 

10 

1 

1 

1010 

85782.00000 

155.22690 

68.30070 

190.19597 

5.95961 

14357.38572 

25.98042 

11.43153 

31.83322 

14393.89664 

26.04649 

11.46060 

31.91417 
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The  high  significance  of  the  main  effects  in  the  above  two  analyses 
brings  up  the  question  of  how  much  variance  is  clue  to  each  main  effect. 
Since  the  values  under  the  mean  square  column  represent  estimates  of 
the  sample  mean,  i.e.,  'a^  = > subtracting  the  error  mean 

square  from  the  mean  square  of  each  of  the  variables,  grade,  sex,  age, 
and  I.  Q,  will  yield  the  true  variance  of  the  corresponding  variable. 
When  the  ratio  of  the  true  variance  for  each  variable  and  the  total 
variance  of  all  variables  is  computed,  it  reveals  what  part  of  the  total 
variance  that  particular  variable  contributes. 

Consider  Table  23.  For  this  analysis  the  variable,  grade  accounted 
for  45.28065  per  cent  of  the  total  variance.  The  variable,  sex  contri- 
butes 12.68912  per  cent  of  the  total  variance,  and  the  variable,  I.  Q. 
accounts  for  42.03024  per  cent  of  the  total  variance.  The  percentages 
of  the  variances  of  the  variables  sho\m  in  Table  24  were  also  computed. 
Here,  age  accounted  for  37.7085  per  cent  of  the  total  variance.  The  var- 
iable, sex  contributed  15.74887  per  cent  of  the  total  variance  and  the 
variable,  I.  Q.  accounted  for  46.54258  per  cent  of  the  total  variance. 

Subhypothesis  g.  There  will  be  more  variability  between  the  m.ean 
ability  of  grades  three  and  six,  than  between  the  mean  ability  of  grades 
seven  and  twelve  as  indicated  by  the  instrument. 

Null  Hypothesis  18.  There  will  be  more  variability  be- 

tween  grades  seven  and'  twelve  than  grades  three  and  six. 

Inspection  of  Table  25  below  reveals  tha.t  there  is  a difference  of 
2.5963  between  the  unadjusted  means  of  grades  three  and  six,  while  the 
dj-ffeience  between  the  unadjusted  means  of  grades  seven  and  twelve  is 
.7777.  The  corresponding  values  for  the  means  adjusted  for  the  effect 
of  age,  sex,  socio-economic  level,  and  I,  Q,  are  2.6280  and  0.4673. 

See  Table  14  and  Table  16.  Kramer  multiple  range  tests  indicate  no 
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significant  difference  between  means  for  grades  seven  through  twelve. 
See  Figure  2 for  the  plot  of  the  unadjusted  means  against  grade  levels, 
and  Figure  3 for  the  plot  of  the  adjusted  means  against  grade  levels. 
Note  how  closely  they  correspond.  In  conclusion,  the  null  hypothesis 
was  rejected  for  both  unadjusted  and  adjusted  means. 

TABLE  25 

TABLE  OF  MEANS,  ADJUSTED  MEANS,  AND  STANDARD  EEHORS 
FOR  GRADES  TUlffiE  THROUGH  TWELVE 


Treatment 

No. 

Treatment 

Mean 

Ad  justed 
Mean 

SE  Adjusted 

3 

7.2897 

7.2442 

0.6357 

4 

8.2347 

8 . 1424 

0.5216 

5 

9.5714 

9.6957 

0.3974 

6 

9,8860 

9.8722 

0.3078 

7 

10.5196 

10.6795 

0.2504 

8 

10.9099 

10.9932 

0.2452 

9 

11.2900 

11,2487 

0.3119 

10 

11.3832 

11.3551 

0.4018 

11 

11.4040 

11.2785 

0.5436 

12 

11.2973 

11.1468 

0.6351 

Subhypothesis  h.  There  will  be  more  variability  between  the  mean 
ability  of* ages  eight  and  eleven  than  between  the  mean  ability  of  ages 
twelve  and  eighteen. 

Null  Hypothesis  19.  There  will  be  more  variability 
between  ages  twelve  and  eighteen  then  between  ages  eight 
and  eleven. 

Table  26  below  reveals  a difference  of  2.3402  between  the  unad- 
justed means  for  ages  eight  and  eleven.  It  also  shows  a difference  of 
.7416  between  the  unadjusted  means  of  ages  twelve  and  eighteen.  The 
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GRADES 


FlGLiRF:  2 

GRAPl-1  OF  UNADJUSTED  MEANS  FOR  EACH  GRADE  LEVEL 


ADJUSTED  MEANS  OF  CORRECT  SCORE 
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GRADES 


FIGURE  3 

GRAFTl  OF  ADJUSTED  MEANS  FOR  EACH  GRADE  LEVEL 
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adjusted  (adjusted  for  grade,  sex,  socio-economic  and  I.  Q.)  means  of 
ages  eight  and  eleven  have  a difference  of  1.4005  while  the  adjusted 
means  of  ages  eighteen  and  thirteen  have  a difference  of  -6,6247.  The 
Kramer  multiple  range  test  for  adjusted  data  showed  just  as  much  vari- 
ability in  the  upper  grades  as  lower  grades  as  defined  above.  The 
Kramer  multiple  range  test  for  unadjusted  means.  Table  19,  shows  more 
variability  in  the  lower  grades  than  the  upper  grades.  The  null  hypo- 
thesis was  rejected  for  the  unadjusted  means  and  not  rejected  for  the 
adjusted  means.  Figure  4 is  a plot  of  the  unadjusted  means  against 
the  age  groups,  while  Figure  5 is  the  plot  of  the  adjusted  means  against 
the  age  groups.  Note  how  the  means  in  the  latter  figvire  drop  after 
age  twelve. 


TABLE  26 


TABLE  OF  MEANS,  ADJUSIED  MEANS,  AND  STANDARD  ERRORS 
FOR  AGES  EIGHT  THROUGH  EIGH'IEEN 


Treatment 

No. 


Treatment 

Mean 


Adjusted 

Mean 


SH  Adjusted 


8 

9 

10 

11 

12 

13 

14 

15 

16 
17 


7.6167 
7.9080 
8.3884 
9.9569 
10 . 6444 
10.6916 
10,8943 
11.1188 
11.1395 
11.4370 
11.3860 


9.4182 

9.6123 

9.8366 

10.8187 

11,1528 

10,8231 

10.5957 

10.1051 

9,7889 

9.5024 

9.5281 


0,7168 

0.6150 

0.4703 

0.3600 

0.2948 

0,2387 

0.2606 

0,3301 

0,4917 

0.6006 

0.7000 


18  & 19 
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FIGURE  4 

GRAPH  OF  UNADJUSTED  MEANS  FOR  EACH  AGE  LEVEL 


ADJUSTED  MEAN  OF  CORRECT  SCORES 
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FIGURE  5 

GRAPH  OF  ADJUSTED  MEANS  FOR  EACH  AGE  LEVEL 
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Summary  of  Results 

In  conclusion,  it  has  been  found  that  grade  level  does  make  a dif- 
ference in  the  ability  to  perform  well  on  the  instrument  of  this  study. 
Chronological  age  does  make  a difference  in  the  ability  to  perform  well 
on  the  instrument.  Males  perform  better  on  the  instrument  than  females. 
Socio-economic  class  as  classified  by  the  Otis  Dudley  Duncan  scales  has 
no  significant  effect  on  the  ability  to  perform  well  on  the  instrument. 
Subjects  of  higher  mental  ability  level,  as  measured  by  the  Khulmann- 
Anderson  Test,  get  higher  correct  scores  than  lower  ability  youngsters 
on  this  instrument.  No  combination  of  the  variables,  grade,  sex,  and 
I.  Q.  or  age,  sex,  and  I.  Q,  had  a significant  effect  on  the  ability  to 
perform  well  on  this  test.  There  was  more  variability  between  the  lower 
grades  than  the  higher  grades.  There  was  significant  variability  between 
both  lower  and  higher  age  groups. 

Discussion  of  Results 

The  confirmation  that  age  and  the  related  variable,  grade,  make  a 
difference  on  tnis  test  is  in  agreement  with  most  of  the  studies  in  the 
review  of  the  literature  (Chapter  II)  which  validate  Piaget’s  general 
findings  of  a sequential  development  of  mental  abilities.  However,  the 
results  of  this  study  do  not  agree  with  the  majority  of  research  reviewed 
that  find  a Piagetian  ability  develops  at  a later  age  than  predicted. 

For  example,  in  her  comprehensive  study,  Rivoire  found  that  most  chil- 
dren had  not  completed  their  spatial  development  by  fifteen  years  of  age. 
This  study,  on  the  other  hand,  shows  that  the  ability  to  perform  well  on 
the  research  instrument  is  fully  manifested  after  the  seventh  grade  or 
twelve  years  of  age. 
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Piaget  states  that  the  ability  ought  to  start  appearing  about  the 
ages  of  nine  or  ten  years.  Study  of  Figure  4 and  Figure  5 of  unadjusted 
and  adjusted  means  of  correct  scores  respectively,  show  a definite  up- 
swing in  ability  at  the  predicted  ages.  The  ability  increases  until 
about  the  age  of  twelve  years  and  then  levels  off.  The  multiple  range 
test  for  unadjusted  age  means  reveals  significant  differences  between 
the  mean  scores  of  a.ges  twelve  and  above  and,  hence,  reinforces  the  no- 
tation of  a leveling  off  effect.  The  age  range  of  nine  or  ten  years 
old  to  twelve  or  thirteen  years  old  is  roughly  Piaget's  Stage  III  where 
the  ability  is  supposed  to  start  being  shown. 

Figure  2,  the  graph  of  unadjusted  means  for  grades,  and  Figure  3, 
the  graph  of  adjusted  means  for  grades,  both  climb  from  grade  three  and 
began  to  level  off  at  about  the  seventh  grade.  The  respective  multiple 
lange  tests  show  no  significant  differences  between  the  mean  scores  of 
the  seventh  through  the  twelfth  grades  thus  validating  the  leveling-off 
observation  and  indicating  obtainment  of  the  tested  ability.  Since 
seventh  grade  corresponds  with  the  ages  of  twelve  or  thirteen,  the  re- 
sults of  this  study  give  strong  support  to  the  Piagetian  theory. 

While  Figure  4,  the  graph  of  the  unadjusted  means  for  age,  shows 
a leveling  off  of  the  correct  score  means.  Figure  5,  the  graph  of  the  ad- 
justed means  for  age  falls  off,  and  hence,  shows  a decrease  in  the  tested 
ability.  The  author  interprets  this  decrease  to  mean  that  the  effect  of 
the  independent  variables  of  sex,  grade,  socio-economic  level,  or  ability 
level  become  great  as  age  increases.  In  Table  17,  which  shows  the  coef- 
ficients, standard  errors,  t-scores  for  the  covariance  analysis  on  the 
dependent  variable  age,  it  is  seen  that  the  t-scores  of  the  coefficients 
of  grade  and  socio-economic  level  are  not  significant  at  the  .05  level. 
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Hence,  sex  and  ability  level  are  probably  causing  the  depression  in 
the  adjusted  scores.  A possible  reason  for  this  depression  might  be 
the  learning  of  sex  roles  and  the  associated  experiences  and  biasses 
thereof.  Since  ability  level  contributes  more  of  the  variance  (See  Sub- 
hypothesis  f)  than  sex,  one  might  also  conclude  that  mental  ability  be- 
comes more  important  as  the  child  grows  older  through  adolescence. 

It  is  interesting  to  note  that,  while  there  is  an  obvious  differ- 
ence in  the  unadjusted  and  adjusted  means  for  ages,  there  is  very  lit- 
tle difference  in  the  unadjusted  and  adjusted  means  for  grades.  This 
would  appear  to  indicate  that  grade  is  a better  predictor  of  the  tested 
ability  than  age.  This  might  be  due  to  the  stratifying  of  ability 
level  which  occurs  under  the  grade  system.  That  is,  lower  ability 
youngsters  are  more  likely  to  be  a grade  behind,  and  higher  ability 
youngsters  are  more  likely  to  be  a grade  ahead. 

Piaget  does  not  discuss  the  possible  effect  of  other  variables 
such  as  sex,  I.  Q.,  or  socio-economic  class,  upon  his  sequence  of 
stages.  On  the  other  hand,  some  of  the  people  who  have  replicated  parts 
of  his  work  have  commented  on  these  variables. 

The  study  in  the  literature  most  nearly  approximating  the  present 
research  is  that  of  Barbara  Boe  (1968).  Boe  found  a sex  difference  on 
the  drawing  version  of  Piagetian's  sectioning  task  which  favored  the 
males.  (5:418)  She  dismissed  this  result  because  she  did  not  find  a 
significant  difference  between  the  sexes  on  the  multiple— choice  version 
of  her  test.  She  attributed  the  sex  difference  to  drawing  ability.  In 
view  of  the  results  of  the  present  research  (the  instrument  of  this 
study  was  multiple-choice  and  not  related  to  drawing),  the  author  be- 
lieves that  Boe  was  unjustified  in  her  rejection  of  the  possibility  that 
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males  perform  better  on  this  type  of  task  than  females.  This  position 
tends  to  agree  with  that  of  Foran  and  O'Hara  (1935)  and  Smith  (1948). 

Boe  also  found  that  mental  ability  level  made  an  important  differ- 
ence in  the  ability  to  imagine  sections  of  solids.  The  results  of  the 
present  study  show  a very  large  difference  in  the  ability  of  mental 
ability  groups  to  visualize  perspectives  of  solid  figures.  Both  stu- 
dies show  that  the  higher  mental  ability  groups  perform  better  on  the 
respective  instruments.  The  review  of  the  literature  reveals  little 
•about  the  affect  on  mental  abilities  on  Piagetian  tasks. 

Most  of  the  studies  in  the  review  of  the  literature  which  dealt 
with  the  socio-economic  class  variable  controlled  it  by  restricting 
the  sample  to  the  "middle  class.”  Examples  are  the  studies  of  Beilin 
and  Franklin,  Boe  and  Rivoire.  Wallach  does,  however,  report  from  his 
comprehensive  revievj  of  one  hundred  seven  articles  that  some  shifts  in 
age  norms  had  been  found  as  a function  of  socio-cultural  status.  The 
present  study  did  not  reveal  a shift  in  age  norms  nor  did  it  indicate 
that  socio-economic  class  contributed  to  this,  or  any  other,  factor.  A 
non-docuraented , but  possible  explanation  for  this  non-significance  of 
socio-economic  class,  might  be  that  the  traits  normally  associated  with 
the  lower,  middle,  and  upper  classes  might  not  hav^e  existed  within  the 
sample.  Florida  is  a fast  growing  state  in  the  midst  of  flux  and  change. 
A large  county  in  this  type  of  state  is  peopled  by  a great  percentage 
of  newcomers.  Under  these  condition?,  the  characteristics  of  the  classes 
inden tif iable  in  a more  settled  and  stable  community  might  not  exist  and, 
hence,  might  not  have  been  revealed  by  this  study. 


CHAPTER  VI 


SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 

Much  has  been  written  about  the  ability  of  children  to  learn 
mathematical  concepts.  Bruner  has  stated  that  any  subject  can  be  taught 
effectively  in  some  intellectually  honest  form  to  any  child  at  any  stage 
of  development,  (7:33)  Piaget  and  his  co-workers  have  attempted  to 
formulate  a new  theoretical  framework  by  approaching  child  psychology 
from  an  espistomological  viewpoint.  From  his  many  explorations,  Piaget 
has  postulated  a sequence  for  the  cognitive  abilities  of  the  child. 

One  of  the  vehicles  of  his  theory  is  representational  space  or  the  abil- 
ity to  formulate  images.  Representational  ability  is  seen  as  developing 
mathematically  through  the  phases  of  topological,  projective,  and  Eucli- 
dean spaces  in  that  order. 

Piaget  has  developed  and  conducted  many  experiments  to  demonstrate 
the  stages  he  has  formulated.  One  of  these  experiments  pertained  to 
the  ability  to  imagine  cross-sections  of  various  solids  before  cutting 
the  solid.  Success  with  this  task  indicated  the  beginnings  of  Euclidean 
spatial  ability  which  is  supposed  to  begin  being  manifested  at  about 
nine  or  ten  years  of  age.  Euclidean  spatial  abilities  should,  accord- 
ing to  the  model,  be  fully  developed  by  age  twelve. 

The  author  extended  the  cross-sectioni.ng  experiment  to  a projec- 
tive spatial  task  and  developed  an  instrument  to  test  the  ability.  The 
instrument  consisted  of  photographs  of  solid  figures  with  an  arrow 
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indicating  the  perspective  from  which  the  subject  was  to  view  each 
solid.  The  child  was  asked  to  imagine  what  the  solid  would  look  like 
from  the  direction  of  the  arrow  and  to  choose  a response  from  four  smal- 
ler photographs  or  a none  of  these  choice. 

One  purpose  of  this  study  was  to  determine  at  what  age,  or  grade 
public  school  children  attain  the  ability  measured  by  this  instrument. 
Another  purpose  was  to  take  into  account  some  of  the  statistical  weak- 
nesses which  are  so  often  mentioned  in  the  literature  concerning  Pia- 
getian  expermentation . Also,  the  study  was  designed  to  answer  questions 
about  the  effect  of  sex,  ability  level  represented  by  I.  Q.,  and  socio- 
economic class  on  the  performance  on  this  instrument. 

Summary 

Two  pilot  studies  were  conducted  at  P.  K.  Yonge  Laboratory  School, 
University  of  Florida,  to  determine  xjhich  grades  were  to  be  included  in 
the  study  and  hoxv  to  administer  the  instrument.  Then,  approximately 
one  hundred  tx^;enty  children  x-jere  tested  in  each  of  the  grades  three 
through  twelve  in  Duval  County,  Florida.  The  children  were  from  txvo 
elementary  schools,  one  junior  high  school,  and  one  high  school.  These 
schools  were  judged  to  have  broad  socio-economic  backgrounds. 

Data  on  the  age,  I.  Q.,  socio-economic  class,  and  sex,  and  grade 
of  the  subjects  were  draxm  from  the  cumulative  folders  of  the  respective 
students.  Of  the  original  twelve  hundred  students  tested,  1067  were  re- 
tained for  the  study.  The  remaining  were  rejected  because  of  lack  of 
information  in  the  cumulative  folders  as  to  I.  Q.  level  or  socio-economic 
background.  The  Kuhlmann-Anderson  I.  Q.  test  is  used  by  Duval  County  to 
measure  intelligence.  This  quotient  and  the  father’s  occupation  were 
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recorded  on  most  records.  The  Otis  Dudley  Duncan  scale  was  used  to 
rank  students'  socio-economic  level  using  the  father’s  occupation  as 
the  criterion. 

The  children  were  examined  in  classroom  groups  of  about  thirty 
students  each.  Before  the  test  began,  each  group  was  shown  all  of  the 
solids  which  individually,  or  in  combination,  composed  the  test  items. 
All  subjects  were  given  ample  opportunity  to  consider  and  respond  to 
each  of  the  twenty  items  on  the  paper  and  pencil  examination. 

The  instrument  was  subjected  to  analysis  for  item  difficulty  and 
discrimination.  Tvto  items  were  rejected  because  the  difficulty  level 
was  too  low  and  five  items  were  rejected  because  they  did  not  discrim- 
inate the  upper  from  the  lower  group.  The  items  were  then  rescored. 

The  resulting  data  may  be  seen  in  Appendix  B. 

The  data  were  examined  with  analysis  of  covariance  on  the  .depen- 
dent variable  of  grade  with  independent  variables,  age,  sex,  socio- 
economic level,  and  I.  Q.  Analysis  of  covariance  was  also  used  on  the 
dependent  variable  age,  with  independent  variables,  grade,  sex,  socio- 
economic level  and  I.  Q.  The  data  were  further  subjected  to  two  three- 
way  analyses  of  variance,  firstly  on  the  variables  of  grade,  sex,  and 
I.  Q.,  and,  secondly  on  the  variables  of  age,  sex  and  I.  Q.  The  socio- 
economic variable  was  deleted  from  the  above  three-way  analysis  of  var- 
iance, because  earlier  analyses  using  both  analysis  of  variance  and 
analysis  of  covariance  indicated  it  was  not  significant.  See  Chapter  V. 

Conclusions 


For  this  particular  sample  of  the  population  of  public  school 
children  in  Duval  County,  Florida,  Piaget  seems  to  have  made  a correct 
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postulation  to  the  effect  that  the  ability  to  score  well  on  the  instru- 
ment increases  with  chronological  age.  The  significance  of  the  analy- 
ses both  on  grade  and  age  seemed  to  verify  the  truth  of  the  above  state- 
ment. Furthermore,  the  results  of  this  study  ii^dicate  that  the  Duval 
children  do  acquire  the  ability  at  about  the  predicted  age  of  twelve 
years.  See  Figure  4 and  Figure  5. 

Analysis  of  the  data  indicates  that  boys  score  better  than  girls 
on  this  instrument  in  this  sample.  Although  the  boys  seem  to  have  an 
advantage  at  this  task,  at  the  5 per  cent  level,  the  difference  is  not 
significant  at  the  1 per  cent  level. 

In  this  study,  ability  level  as  determined  by  an  I.  Q.  score  on 
the  Kuhlmann-Anderson  Test  makes  a great  difference  on  the  ability  to 
perform  well  on  this  test.  The  higher  I.  Q.  group  had  a great  advantage 
over  the  lower  I.  Q.  group. 

For  this  particular  sample,  each  of  the  three  socio-economic  clas- 
ses performed  just  as  well  on  the  instrument.  Very  little  difference 
could  be  found  between  groups,  and  no  difference  was  found  that  could 
not  be  due  to  chance. 

It  would  seem  that  for  this  sample  that  the  high  mental  ability, 
older  boys  in  the  higher  grades  in  the  public  schools  in  Duval  County 
are  the  best  achievers  on  the  instrument  of  this  study. 

Recommendations 

A project  as  massive  as  the  present  one  is,  of  course,  likely  to 
hold  unforeseen  difficulties.  The  author  suggests  that  if  a researcher 
wished  to  use  this  type  of  design  again,  that  he  take  the  following  pre- 
cautions to  avoid  empty  cells,  and  hence,  problems  with  the  statistical 
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1.  The  coding  procedures  should  not  be  formulated  until  after 
the  raw  data  has  been  collected. 

The  author  found  very  few  subjects  in  the  I.  Q.  range  below  a 
score  of  89.  However,  the  I.  Q.  scores  recorded  in  the  cumulative  files 
averaged  about  108.  Since  average  I.  Q.  is  defined  to  be  100;  this 
would  explain  why  so  few  low  scores  were  found.  A correction  factor 
is  to  average  all  I.  Q.  scores  after  collection  and  set  up  appropriate 
stanines . 

2.  The  sample  should  come  from  a more  settled  and  stable  coraaiu- 
nity. 

As  commented  upon  in  Chapter  V,  there  was  a suspected  blurring  of 
socio-economic  class  traits  in  the  sample  because  of  the  accelerated 
growth  of  certain  Florida  counties. 

There  are  several  possible  lines  for  future  research.  One  might 
add  the  variable  race  to  the  variables  of  grade  or  age,  sex,  I.  Q.,  and 
socio-economic  level,  and  replicate  the  present  study,  or  one  might  re- 
place the  socio-economic  variable  with  the  race  variable  above  and  rep- 
licate. It  might  be  interesting  if  two  Piagetian  tasks  could  be  studied 
over  several  grades  or  ages  on  the  same  subjects.  The  two  abilities 
could  be  compared  at  each  of  the  levels  in  the  experim,ent  to  see  whether 
they  were  acquired  in  some  order  or  simultaneously  by  the  same  groups. 

The  size  of  the  sample  and  the  number  of  ages  or  grade  levels 
could  be  reduced  so  that  it  XTOuld  be  feasible  to  provide  learning  ex- 
periences to  one  set  of  youngsters  while  maintaining  a control  group, 
then  testing  both  groups  for  the  Piagetian  task.  The  general  design  of 
this  research  with  the  suggested  modifications  could  be  applied  to  two 
different  cultural  groups.  The  results  thereof  could  be  compared  to 
determine  if  there  are  any  cultural  effects  on  the  ability  studied. 
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Rural  children  could  be  compared  with  urban  children.  Suburban  chil- 
dren could  be  compared  with  the  culturally  disadvantaged  of  the  inter- 
city. The  possibilities  for  research  are  indeed  numerous. 
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APPENDIX  A 


INS  TRUMt’.NT 


98 


The  following  is  a multiple  choice  test  consisting  of  photographs 
of  various  combinations  of  the  blocks  which  you  have  been  shown.  Each 
page  of  the  test  will  have  a photograph  of  a block  with  an  arrow  point- 
ing toward  the  block.  Your  task  is  to  imagine  what  the  block  would  look 
like  if  you  were  directly  behind  the  arrow  looking  at  the  block. 

You  may  choose  from  the  four  smaller  photographs  or  if  you  think 
none  of  the  photographs  represent  what  you  would  see,  mark  no.  5.  Turn 
to  item  0 on  the  first  page.  What  would  your  choice  be?  (Answer  - no.  4) 
We  will  all  take  the  test  at  the  same  rate.  When  I give  the  sig- 
nal, turn  to  item  number  one.  Then  we  will  turn  a page  every  15  seconds. 
I will  say  the  xTOrd  "turn"  when  you  are  to  go  to  the  next  item. 


Thank  you 


W.  P.  Palow 
Dept,  of  Sec.  Ed. 
Univ.  of  Fla. 
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5-  None  of  these  views  is  seen  from  the  position  of  the  arrow 
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5-  None  of  these  views  is  seen  from  the  position  of  the  arrow. 
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5-  None  of  these  views  is  seen  from  the  position  of  the  arrow. 
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5*  None  of  these  views  is  seen  from  the  position  of  the  arrow. 
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k. 
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5>  None  of  these  views  is 


seen  from  the  position  of  the  arrow. 
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5-  None  of  these  views  is  seen  from  the  position  of  the  arrow. 
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5*  None  of  these  views  is  seen  from  the  position  of  the  arrow. 


118 


119 


APPEI©IX  B 


RAW  DATA 


121 


Each  subject  was  assigned  an  identification  number  using  the  fol- 
lowing convention.  Subjects  in  grade  3 were  given  numbers  in  the  0 to 
199  range;  those  in  grade  4,  numbers  in  the  200  to  399  range;  grade  5, 
in  the  400  to  599  range;  grade  6,  in  the  600  to  799  range;  grade  7,  in 
the  SOO  to  999  range;  grade  8,  in  the  1000  to  1199  range;  grade  9,  in 
the  1200  to  1399  range;  grade  10,  in  the  1400  to  1599  range;  grade  11, 
in  the  1600  to  1799  range;  and  grade  12,  in  the  1800  to  1999  range. 

The  raw  data  are  coded  with  2 levels  of  sex,  11  levels  of  age, 

3 levels  of  socio-economic  groups,  3 levels  of  I . Q.  scores  and  10 
levels  of  grade.  Boys  are  coded  with  a 1,  and  girls  are  coded  with  a 
2.  The  remaining  categories  are  coded  as  outlined  in  the  section  en- 
titled, "Coding  Procedures,"  pages  38-40. 

The  coluftui  headed  ORIG.  lists  the  original  score  on  the  20-item 
instrument  for  each  subject.  The  column  headed  CORR.  lists  the  cor- 
rected score  for  each  subject  after  the  rejected  items  were  deleted 
from  the  original  instrument  to  give  a 13-item  instrument.  The  columns 
headed  ODD  and  EVEN  are  the  odd  and  even  scores,  respectively,  for  each 
subject  in  the  split-halves  test  of  reliability. 
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IC  SEX  AGE  SES  IQ 
0001  1 812 

0002  1 933 

0003  2 833 

0004  2 813 

0005  2 8 3 2 

0006  2 833 

0007  1 813 

0008  2 813 

0009  2 823 

00 1C  1 9 3 3 

coil  2 9 3 3 

0012  1 912 

0013  1 813 

0014  1 823 

0015  1 832 

0016  1 911 

0017  2 813 

0018  2 8 2 3 

0019  1 833 

0020  1 833 

0021  1 912 

0022  2 813 

0023  1 933 

0024  1 8 3 2 


ORIG.  CORK.  GOD  EVEN 

6.  4.  3.  1. 

18.  13.  7.  6. 

11.  8.  5.  3. 

10.  7.  4.  3. 

7.  4.  3.  1. 

16.  13.  7 . 6 . 

12.  8.  4.  4. 

9.  7.  3.  4. 

10.  8.  4.  4. 

12.  8.  4.  4. 

12,  10.  5.  5. 

9.  8.  5.  3. 

10.  6 . 4 . 2 . 

12.  9.  5.  4. 

8.  7.  3.  4. 

11.  5.  3.  2. 

12.  9.  4.  5. 

7.  4.  3.  1. 

14.  11.  7.  4. 

14.  11.  6.  5. 

3.  2.  1.  1. 

5.  2.  1.  1. 

7.  4.  2.  2. 

6.  4.  4.  0. 


GRADE 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 
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ID 

SEX 

AGE 

SES 

IQ 

0025 

1 

9 

1 

2 

0026 

2 

8 

1 

2 

0027 

1 

9 

2 

3 

0028 

1 

9 

1 

2 

0029 

1 

8 

1 

2 

0030 

1 

8 

1 

2 

0031 

1 

8 

1 

3 

0032 

1 

8 

1 

2 

0033 

1 

9 

1 

2 

0034 

1 

8 

2 

2 

0035 

1 

9 

1 

3 

0036 

1 

8 

1 

2 

0 0 37 

1 

8 

3 

3 

0038 

1 

8 

2 

2 

0039 

- 1 

9 

1 

2 

0040 

1 

J. 

9 

1 

3 

0041 

1 

10 

2 

0042 

1 

3 

2 

3 

0043 

1 

8 

3 

3 

0044 

2 

9 

1 

1 

0045 

2 

10 

1 

2 

0046 

2 

8 

2 

3 

0047 

2 

8 

2 

3 

0048 

2 

9 

1 

2 

GRIG.  CORR.  ODD  EVEN 
11.  7.  4.  3. 

10.  7 . 'V . 3 . 

14.  10,  4.  6- 

4.  4.  3.  1. 

10.  8.  3.  5. 

13.  10.  5.  5, 

14.  12.  6.  6. 

14.  11.  6.  5. 

11.  6 , 4 . 2 . 

6 . 5 . 3 . 2 . 

8.  5.  4.  1. 

7.  4.  2.  2. 

6.  4.  2.  2. 

13.  8c  5.  3. 

5.  4.  2.  2. 

7.  4.  2,  2. 

9.  5.  3.  2. 

11.  7.  5.  2. 

15.  11.  6.  5. 

8.  6.  2.  4. 

10.  4.  2.  2. 

6.  5.  3.  2. 

12.  8.  5.  3. 

7.  4.  3.  1. 


GRADE 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

'3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 
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IC  SEX  AGE  SES  IQ 
0049  2 813 

CC50  2 922 

00‘31  2 9 3 2 

0052  2 912 

0053  2 823 

0054  2 912 

0055  2 912 

0056  2 832 

CO 57  2 C 2-3 

0058  2 833 

0059  2 833 

0060  2 823 

0061  2 923 

0062  2 923 

0063  - 2 813 

0064  2 932 

0065  2 823 

0066  1 813 

0067  1 913 

0068  1 813 

0069  1 11  1 1 

0070  1 813 

0071  1 822 

0072  1 933 


ORIG.  CORK.  ODD  EVEN 
12»  8»  4«  4» 

5.  4.  1.  3. 

14.  11.  6.  5. 

].  0.  6.  4.  2. 

16.  11.  5.  6. 

7.  5.  3.  2. 

16.  12.  7.  5. 

11.  9.  5.  4. 

7.  4.  2.  2. 

5.  3.  0.  3. 

11.  9.  4.  5. 

7.  4.  3.  1. 

9.  6.  3.  3. 

8.  5.  3.  2. 

4.  2.  2.  0. 

15.  11.  6.  5. 

12.  8.  4.  4. 

14.  10.  4.  6. 

8.  5.  3.  2. 

11.  7.  5.  2. 

7.  4.  3.  1. 

7.  5,  3.  2. 

5 . 3 . 2 . 1 . 

6.  4.  3.  1. 


GRADE 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 
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IC  SEX  AGE  SES  IQ 

0073  1 922 

0074  1 912 

0075  1 922 

0076  1 912 

0077  1 923 

0078  2 822 

0079  2 933 

0080  1 832 

0081  1 833 

0082  1 813 

0083  1 813 

0084  2 10  1 2 

0085  2 033 

0086  2 913 

0087  -2  823 

0083  2 323 

0089  2 833 

0090  2 833 

0091  1 923 

0092  1 10  3 3 

0093  1 823 

0094  1 913 

0095  1 813 

0096  2 823 


GRIG.  CORR.  ODD  EVEN 

11.  8.  4.  4. 

12.  10.  4.  6. 

14.  9.  5.  4. 

7.  4.  3.  1. 

15.  11.  5.  6. 

7.  4.  2.  2. 

9.  6.  5.  1. 

18.  13.  7.  6. 

15.  12.  6 . 6 . 

10.  7.  3.  4. 

11.  9.  4.  5. 

6.  3.  1.  2. 

12.  8.  4.  4. 

7.  4.  2.  2. 

15.  13.  7.  6. 

10.  8.  4.  4. 

6.  4.  3.  1. 

9.  7.  5.  2. 

15.  13.  7.  6. 

15.  11.  7.  4. 

17.  13.  7.  6. 

15.  13.  7.  6. 

13.  9.  5.  4. 

13.  10.  5.  5. 


GRADE 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

-3. 

3 

3 

3 

3 
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ID 

SEX 

AGE 

SES 

IQ 

0097 

1 

8 

3 

3 

0098 

1 

9 

2 

2 

0099 

1 

10 

1 

2 

CICO 

1 

8 

3 

3 

0101 

1 

8 

1 

3 

Cl  02 

1 

10 

1 

2 

0103 

1 

9 

2 

2 

ClOA 

1 

9 

2 

3 

0105 

1 

9 

2 

3 

C106 

1 

9 

i. 

2 

0107 

1 

8 

3 

2 

020C 

1 

10 

1 

3 

0201 

2 

iC 

3 

1 

0202 

1 

10 

1 

2 

C203 

2 

1C 

1 

3 

020A 

1 

9 

1 

2 

020-5 

1 

9 

3 

3 

0206 

1 

10 

1 

1 

0207 

1 

9 

3 

2 

0 208 

1 

10 

1 

2 

0209 

1 

9 

1 

3 

0210 

1 

10 

2 

3 

0211 

1 

10 

2 

2 

0212 

1 

1C 

3 

2 

ORIG. 

CORR. 

ODD 

EVEN 

8. 

5. 

3. 

2. 

9. 

6. 

A. 

2. 

5. 

3. 

1. 

2. 

9. 

7. 

A. 

3. 

15. 

11. 

7. 

A. 

7. 

5. 

3. 

2. 

9. 

6. 

3. 

3. 

lA. 

10. 

5. 

5, 

15. 

12. 

6. 

6 . 

12. 

7. 

A. 

3. 

lA. 

12. 

7. 

5. 

lA. 

12. 

6. 

6 . 

2. 

2. 

1 . 

1 . 

16. 

^ O 

X <-  • 

6 . 

6 • 

lA  . 

10. 

5. 

5. 

1 . 

1. 

0. 

1. 

18. 

12  . 

7. 

5 . 

6. 

3. 

2. 

1 . 

8. 

5. 

3. 

2. 

12. 

10. 

A. 

6. 

• 

CO 

13. 

7. 

6. 

lA. 

1 1 . 

6. 

5 . 

10. 

5. 

2. 

3. 

12. 

8. 

5. 

3. 

GRADE 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 


127 


ID 

SEX 

AGE 

SES 

IQ 

0213 

1 

9 

2 

3 

0214 

1 

9 

3 

3 

0215 

1 

9 

1 

3 

0216 

1 

1C 

2 

2 

0217 

2 

9 

3 

3 

0218 

2 

9 

3 

2 

0219 

2 

11 

2 

3 

0220 

2 

10 

1 

1- 

0221 

2 

IC 

1 

■-5 

0222 

2 

10 

2 

2 

0223 

i 

9 

1 

2 

0224 

2 

10 

3 

3 

0225 

2 

9 

1 

3 

02  26 

1 

9 

3 

2 

0227 

- 1 

1 1 

1 

2 

0228 

2 

10 

1 

2 

0229 

2 

9 

2 

3 

0230 

2 

10 

3 

3 

0231 

2 

10 

2 

2 

0232 

2 

9 

3 

3 

0233 

2 

10 

3 

3 

0234 

2 

1C 

3 

3 

0235 

2 

10 

2 

3 

0236 

1 

9 

1 

1 

OKIG.  CQRR.  ODD  EVEN 

8.  7.  3. 

13.  10.  5.  5. 

lA.  11.  6.  5. 

8.  7.  4.  3. 

10.  8.  6.  2. 

2.  2.  1.  1. 

13.  11.  5 . 6 . 

12.  a.  3.  5.  ' 

a.  3.  2. 

7.  4.  2.  2. 

9.  6.  3.  3. 

8.  6.  2.  4. 

14.  11.  6.  5. 

18.  13.  7.  6. 

13.  9.  6.  3. 

12.  9.  4.  5. 

8.  6.  2.  4. 

18.  13.  7.  6. 

15.  11.  7.  4. 

14.  11.  6.  5. 

15.  12.  6.  6. 

11.  9.  4.  5. 

13.  10.  5.  5. 

10.  6.  3.  3. 


GRADE 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


liJ 

0237 

0 2 38 

0239 

C2A0 

02A1 

02^2 

02^3 

0244 

0245 

0 246 

0247 

0248 

0249 

0250 

0251 

0252 

0253 

0254 

0255 

0256 

02  57 

0258 

0259 

0260 


128 


SEX 

AGE 

SES 

IQ 

GRADE 

ORIG. 

CORR. 

ODD 

EVEN 

7 

9 

1 

3 

4 

9. 

7. 

4. 

3. 

2 

10 

2 

2 

4 

16. 

11. 

6. 

5. 

1 

10 

3 

2 

4 

17. 

13. 

7. 

6 . 

2 

9 

3 

3 

4 

12. 

10. 

4. 

6. 

1 

10 

1 

3 

4 

16. 

13. 

7. 

6. 

1 

9 

3 

3 

4 

7. 

4. 

3. 

1. 

1 

10 

1 

2 

4 

4. 

2. 

2. 

C. 

1 

9 

1 

3 

4 

2. 

1 . 

lo 

0. 

2 

9 

1 

3 

4 

14. 

11. 

5. 

6. 

1 

9 

3 

3 

4 

14. 

12. 

7. 

5. 

2 

9 

2 

3 

4 

13. 

11. 

6. 

5. 

1 

9 

3 

3 

4 

15. 

13. 

7. 

6. 

1 

10 

3 

3 

4 

2. 

0. 

0. 

0. 

-> 

L. 

10 

3 . 

1 

4 

9. 

6. 

5. 

1. 

1 

10 

1 

2 

4 

16. 

1 1 . 

5. 

6. 

2 

9 

2 

2 

4 

10. 

8. 

4. 

4. 

1 

9 

3 

3 

4 

10. 

6. 

4. 

2. 

1 

9 

3 

3 

4 

15. 

12. 

6 . 

6. 

1 

1C 

1 

2 

4 

18. 

13. 

7. 

6. 

1 

9 

2 

2 

4 

5. 

5. 

3. 

2. 

1 

10 

2 

2 

4 

2. 

1. 

0. 

1 . 

2 

10 

2 

3 

4 

10. 

7. 

4. 

3. 

1 

9 

2 

3 

4 

13. 

10. 

5. 

5. 

1 

9 

1 

2 

4 

16. 

13. 

7. 

6. 

129 


ID 

SEX 

AGE 

SES 

IQ 

0261 

1 

9 

3 

2 

0262 

2 

10 

3 

3 

0263 

2 

9 

2 

3 

0264 

O 

9 

3 

3 

0265 

1 

9 

3 

3 

0266 

2 

9 

3 

3 

0267 

2 

10 

3 

2 

0268 

1 

10 

3 

2 

0269 

1 

10 

3 

3 

C270 

2 

10 

2 

2 

0272 

2 

10 

2 

2 

0273 

1 

10 

1 

2 

0274 

1 

9 

2 

3 

0275 

1 

10 

3 

2 

0276 

- 1 

10 

2 

1 

0277 

1 

9 

1 

3 

0278 

1 

10 

3 

2 

0279 

1 

10 

2 

2 

0280 

1 

10 

2 

3 

0281 

1 

9 

2 

2 

0282 

\ 

1 

9 

3 

3 

0283 

1 

9 

1 

2 

0284 

1 

10 

1 

2 

0285 

1 

10 

1 

2 

GRIG.  CURR.  CDD  EVEN 

13.  10.  5.  5. 

10.  8.  A.  A. 

14.  12.  6.  6. 

8.  8.  4.  4, 

17.  13.  7.  6. 

16.  13.  7.  6. 

7.  5.  3.  2. 

6.  2. 

14.  10.  5.  5. 

6.  6.  3.  3. 

10.  6.  5.  1. 

6.  4.  3.  1. 

3.  1.  1.  0. 

19.  13.  7.  6, 

6.  5.  4.  1. 

12.  9.  6.  3. 

13.  9.  5.  4. 

13.  9.  5.  4. 

12.  9.  4.  5. 

7.  5.  4.  1. 

10.  8.  3.  5. 

13.  11.  5.  6. 

4 . 3 . 2 . 1 . 

10.  7.  4.  3. 


GRADE 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 


ID 

0286 

0287 

0288 

0289 

0290 

0291 

0292 

0293 

0294 

0295 

02  96 

0297 

0600 

0401 

0402 

0403 

0404 

0405 

0406 

0407 

04  08 

0409 

04  10 

0411 


130 


SEX  AGE  SES 

1 9 3 

2 10  1 

2*9  1 

2 9 3 

2 9 2 

2 1C  1 

1 9 2 

2 9 2 

2 10  2 

2 10  3 

2 9 2 

2 9 1 

2 10  2 

1 11  1 

' 1 11  1 

2 11  1 

2 11  3 

1 10  1 

2 11  1 

2 11  1 

1 10  1 

2 10  1 

2 11  1 

2 10  2 


IQ  GRADE  ORIG. 
3 4 15. 

2 4 4. 

2 4 6. 

2 4 11. 

3 4 15. 

3 4 12. 

2 4 6. 

3 4 10. 

2 4 8. 

3 4 10. 

2 4 17, 

3 4 9. 

3 5 15. 

1 5 12. 

2 5 17. 

2 5 14. 

1 5 13. 

2 5 14. 

2 5 9. 

2 5 9. 

2 5 8. 

2 5 13. 

2 5 12. 

2 5 4. 


CORR.  ODD  EVEN 

12.  7.  5. 

4.  3.  1. 

4.  1.  3. 

7.  4.  3. 

12.  6.  6. 

9 . 5 . 4 . 

3.  3.  0. 

7 . 3 . 4 . 

5.  3.  2. 

7.  3.  4. 

13.  7 . 6 . 

7 . 3 . 4 . 

11.  6.  5. 

8.  5.  3, 

13.  7.  6. 

11.  5.  6. 

8.  4.  4. 

10.  4 . 6 . 

7.  3.  4. 

9.  6.  3. 

4.  3.  1. 

11.  6.  5. 

8.  3.  5. 

2.  1.  1. 


131 


ID 

SEX 

AGE 

SES 

IQ 

0A12 

2 

11 

1 

2 

0A13 

1 

10 

1 

2 

C<^14 

1 

10 

1 

2 

0415 

1 

10 

1 

3 

C416 

C. 

10 

1 

■% 

_> 

0417 

I 

10 

1 

3 

0418 

1 

10 

3 

3 

0419 

£.. 

10 

1 

3 

0420 

2 

1 1 

2 

3 

0421 

1 

1C 

1 

2 

0422 

2 

11 

3 

3 

04  23 

2 

11 

1 

3 

0424 

2 

10 

2 

2 

0425 

1 

11 

1 

2 

0426 

■ 2 

1C 

2 

3 

0427 

1 

11 

3 

2 

0428 

2 

14 

1 

2 

0429 

2 

11 

2 

3 

04  30 

1 

11 

1 

2 

0431 

1 

11 

3 

3 

0432 

2 

10 

3 

2 

0433 

1 

10 

1 

3 

04  34 

1 

10 

1 

3 

0435 

2 

12 

1 

2 

ORIG. 

CORR. 

ODD 

EVEN 

13. 

10. 

4. 

6. 

6. 

5. 

3. 

2. 

11. 

9. 

5. 

4. 

9. 

6. 

4. 

2. 

16. 

12. 

6. 

6. 

16. 

13. 

7. 

6. 

17. 

13. 

7. 

6. 

8. 

4 . 

2 . 

2. 

14. 

11. 

6. 

5. 

13. 

9. 

5. 

4. 

16. 

12v 

6. 

6. 

13. 

9. 

5. 

4 , 

9. 

6. 

1. 

5. 

16. 

12. 

6. 

6. 

15. 

12. 

7. 

5. 

11. 

8. 

3. 

5. 

13. 

10. 

6. 

4. 

11  . 

8. 

5. 

3 . 

13. 

10. 

5. 

5. 

14. 

1 1 . 

6. 

5. 

11. 

9. 

4. 

5. 

10. 

8. 

4. 

4 . 

17. 

13. 

7. 

6. 

14. 

10. 

7. 

3 . 

GRADE 

b 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 


132 


ID 

SEX 

AGE 

SES 

IQ 

0436 

1 

10 

1 

2 

0437 

2 

10 

1 

2 

0438 

1 

13 

1 

2 

0439 

1 

11 

2 

3 

0440 

1 

11 

1 

2 

0441 

2 

10 

3 

3 

0442 

2 

11 

1 

2 

04  4 3 

2 

10 

3 

3 

04  46 

1 

10 

1 

3 

04  45 

1 

11 

1 

3 

0446 

1 

11 

3 

2 

0447 

2 

10 

3 

3 

0448 

2 

11 

3 

3 

04  49 

2 

1 1 

1 

3 

0450 

. 2 

11 

3 

3 

04  51 

2 

1 1 

3 

2 

0452 

1 

11 

1 

2 

0453 

2 

10 

2 

3 

0454 

2 

10 

1 

2 

04  55 

2 

10 

1 

3 

0456 

1 

10 

1 

3 

0457 

1 

10 

1 

2 

0458 

2 

10 

1 

3 

0459 

2 

1 1 

1 

3 

CRIG. 

CORR. 

ODD 

EVEN 

15. 

12. 

6. 

6. 

13. 

10. 

5. 

5. 

9. 

6. 

3. 

3. 

15. 

11. 

7. 

4. 

7. 

4. 

1. 

3. 

16. 

10. 

6. 

4. 

14. 

10. 

5. 

5. 

12. 

9. 

5. 

4. 

17  . 

13. 

7. 

6. 

14. 

11. 

5. 

6. 

6. 

4 . 

1. 

3 . 

17. 

13. 

7. 

6. 

13. 

10. 

6. 

4. 

13. 

11. 

5. 

6. 

14. 

12. 

7. 

5 . 

14. 

10. 

6. 

4 . 

16. 

12. 

7. 

5. 

13. 

9. 

5. 

4. 

16. 

12. 

6 . 

6 . 

10. 

9. 

5. 

4. 

13. 

6. 

3. 

3. 

1 1 . 

8. 

3. 

5. 

12. 

9 . 

4. 

5. 

15. 

12. 

6. 

6. 

GRADE 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 
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ID 

SEX 

AGE 

C c r 

O U J 

IQ 

0460 

2 

10 

I 

2 

0461 

1 

13 

1 

3 

04  62 

2 

12 

1 

2 

0463 

2 

10 

3 

3 

04  64 

2 

1 1 

3 

3 

0465 

2 

10 

1 

3 

0466 

2 

11 

2 

3 

0467 

1 

1 c 

2 

2 

0468 

1 

10 

2 

1 

0469 

1 

1 1 

1 

2 

0470 

1 

11 

1 

3 

0471 

2 

1 1 

1 

3 

0472 

1 

10 

2 

3 

0473 

1 

1 ] 

1 

2 

04  74 

• 1 

10 

2 

2 

0475 

1 

10 

2 

2 

04  76 

2 

10 

1 

3 

0477 

2 

10 

1 

3 

0478 

1 

10 

3 

2 

04  79 

2 

1C 

1 

3 

0480 

2 

10 

2 

3 

0401 

1 

11 

1 

2 

0482 

1 

1 1 

3 

2 

0483 

1 

10 

1 

3 

QRIG.  CCRR.  ODD  EVEN 

7.  5.  2.  3. 

16.  13.  7.  6. 

15.  12.  7.  5. 

13.  11.  6.  5. 

14.  11.  6.  5. 

9.  7.  4.  3. 

15.  12.  7.  5. 

11.  9.  5.  4. 

5.  4.  4.  0. 

11.  8.  6.  2. 

14.  12.  6„  6. 

10.  9.  6.  3. 

17.  13.  7.  6. 

18.  13.  7.  6. 

17.  13.  7.  6. 

18.  12.  6.  6. 

17.  12.  6.  6. 

10.  8 4 . 4 . 

12.  9.  4.  5. 

11.  8 . 4 . 4 . 

9.  6.  3.  3. 

17.  13.  7.  6. 

12.  1C.  6.  4. 

17.  13.  7 . 6 . 


GRADE 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 


134 


ID 

SEX 

AGE 

SES 

IQ 

0484 

2 

11 

1 

3 

0485 

2 

10 

3 

2 

0486 

1 

11 

1 

3 

04  87 

1 

1 

11 

1 

2 

0488 

2 

10 

1 

3 

0489 

2 

11 

2 

2 

0490 

2 

11 

1 

2 

0491 

1 

10 

2 

3 

0492 

2 

10 

1 

3 

0493 

2 

10 

3 

3 

0494 

1 

11 

2 

2 

0495 

1 

1 1 

1 

2 

04  96 

2 

10 

2 

3 

0497 

2 

10 

2 

3 

0496 

• 2 

10 

2 

3 

0499 

2 

10 

2 

2 

0500 

1 

1 1 

1 

2 

C501 

2 

10 

1 

3 

0 502 

2 

11 

2 

2 

0503 

2 

10 

2 

3 

0504 

2 

10 

2 

3 

0505 

1 

10 

3 

2 

0506 

1 

1 1 

2 

2 

0507 

2 

11 

1 

2 

GRIG- 

CCRR. 

ODD 

EVEN 

14. 

12. 

6. 

6, 

13. 

11. 

5. 

6. 

12. 

10. 

5. 

5. 

16. 

12. 

6. 

6. 

14. 

11 . 

6. 

5. 

14. 

10. 

4. 

6. 

10, 

7. 

2. 

5. 

13. 

10. 

4. 

6. 

7. 

5. 

3. 

2. 

15. 

12. 

7. 

5. 

15. 

9. 

6 • 

3. 

15. 

13. 

7. 

6. 

14. 

10. 

5. 

5. 

14, 

10. 

6 . 

4. 

8. 

5. 

4. 

1. 

11. 

9. 

5. 

4. 

14. 

11. 

5. 

6. 

14. 

1 1 . 

5. 

6. 

15. 

10. 

6. 

4. 

11. 

8. 

3. 

5. 

12. 

10. 

5. 

5. 

13. 

11. 

7. 

4. 

17. 

12. 

6. 

6. 

8. 

5. 

2. 

3. 

GRADE 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 


ID 

0508 

0509 

0510 

0511 

0512 

0513 

051^ 

0515 

0516 

0517 

0518 

0600 

0601 

0602 

0603 

0604 

0605 

0606 

0607 

C608 

0609 

0610 

0611 

C612 
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SEX 

AGE 

SES 

IQ 

GRADE 

GRIG. 

CORR. 

ODD 

EVEN 

1 

1 1 

2 

3 

5 

13. 

11. 

6. 

5. 

2 

10 

2 

3 

5 

13. 

10. 

4. 

6. 

2 

1 1 

3 

2 

5 

5.  % 

4. 

2. 

2. 

2 

10 

2 

3 

5 

7. 

4. 

2. 

2. 

1 

10 

2 

2 

5 

14. 

10. 

5. 

5. 

2 

10 

1 

2 

5 

15. 

11. 

6. 

5. 

1 

10 

1 

2 

5 

8. 

5. 

4. 

1. 

2 

10 

2 

2 

5 

15. 

11. 

6. 

5. 

1 

10 

3 

2 

5 

17. 

13. 

7. 

6. 

2 

10 

1 

2 

5 
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0613 

2 

1 1 

1 

3 

0616 

1 

12 

1 

2 
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11 

3 

3 

0616 

2 

11 

1 

1 

0617 

2 

12 

1 

2 

0618 

1 

12 

1 

2 

0619 

1 

12 

1 

2 

0620 

2 

11 

3 

3 

0621 

1 

1 1 

1 

2 

0622 

2 

12 

1 

3 

0623 

2 

12 

1 

2 

0626 

1 

11 

3 

3 

0625 

2 

11 

1 

3 
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1 

12 

1 

2 

0627 
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11 

1 

3 

0628 

1 

12 

3 

2 

0629 

1 
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1 
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3 
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1 
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3 
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11 . 

5. 

6. 

16. 

13. 

7. 

6. 

15. 

12. 

7. 

5. 

13. 

8. 

3. 

5. 

11. 

8. 

5. 

3. 

12. 

9. 

5. 

6. 

8. 

7. 

6. 

3. 

12. 

10. 

6. 

6. 

16. 

11. 

5. 

6 . 

10. 

8. 

6. 

6. 

13. 

9. 

6. 

5c 

15. 

13. 

7. 

6. 

15. 

1 1 . 

6 . 

5. 

16. 

13. 

7. 

6. 

9. 

6. 

3. 

3. 

16. 

13. 

7. 

6. 

16. 

13. 

7. 

6. 

12. 

9. 

6. 

5. 

12  . 

8. 

5. 

3. 

12. 
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6. 
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6. 

6. 

17. 
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6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 
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6 

6 

6 

6 
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0637 

C630 

0639 
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0661 

0662 

0663 

066  6 

0665 
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0652 

0653 

0656 
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0656 

06  58 
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0660 
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GRADE 

GRIG. 
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1 
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1 
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3 

3 
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2 

11 

3 

3 

0666 

1 

1 1 

2 
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2 

11 

3 

3 

0668 

1 
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1 

2 

0669 

2 

11 

1 

2 

0670 

2 

12 

2 

2 

0671 

2 

11 

1 

3 

0672 

1 

2 

11 

2 

3 

0673 

2 

11 

1 

3 

0674 

2 

12 

1 

2 

0675 

2 

1 1 

2 

2 

0676 

2 

12 

1 

2 

0677 

2 

11 

3 

3 

0678 

1 

1 1 

2 

.3 

0679 

1 

11 

3 

2 

0680 

1 

12 

3 

2 

0681 

1 

12 

3 

2 
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2 
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2 

3 
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17.  13.  7.  6. 
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11.  7.  5.  2. 

8.  8.  4.  4. 

8.  5.  3.  2. 

15.  12.  7.  5. 

3.  1.  0.  1. 

12.  9.  4.  5. 

14.  12.  7.  5. 

4.  0.  0.  0. 

7;  4.  1.  3. 

13.  10.  6.  4. 

17.  13.  7 . 6 . 

10.  7.  5.  2. 

14.  10.  4.  6. 

12.  8.  5.  3. 
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16.  12.  7.  5. 
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6 
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6 
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C 
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7, 
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2 
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6. 

6. 
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13 

1 

1 

6 
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1 
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3 

6 
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6. 
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12 

3 

2 

6 

16. 

1 1 . 

6. 
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2 
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6. 
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3 

3 

6 

15, 
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7. 
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0711 

0712 

0713 
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0715 
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0804 
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0806 

0807 

0808 

0809 

0010 

0811 

0812 

0813 

0814 

0815 

0816 

0817 

0818 
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AGE 
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GRADE 

GRIG. 

CCRR. 
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EVEN 

1 

13 

1 

2 

6 

15. 

11. 

6. 

5 . 

2 

11 

1 

2 

6 

12. 

9. 

5. 

4. 

2 

11 

3 

3 
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6. 

4 . 

1 

12 
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2 

6 
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4. 

3. 

2 

12 
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7. 

6. 

1 

13 
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7. 

5. 

1 

13 
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2 
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10. 

6. 

4. 

2 

12 
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13. 

7. 

6. 

2 

13 
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3 
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12. 

6 . 

6 . 

2 

12 
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3 
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12. 
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6 . 

4. 
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13 

I 

2 

7 
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12 
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15. 
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4. 

2 

13 
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14. 

11. 
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4. 
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1 1 . 
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2 

13 

3 

2 
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ll 
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2 

0821 

2 

12 

2 

3 

0822 

1 

13 

1 

1 

0823 

1 

13 

1 

2 

0824 

1 

12 

1 

3 

0825 

1 

12 

1 

3 

0826 

1 

13 

1 

2 

08  27 

1 

12 

1 

3 

0828 

1 

13 

2 

2 

0829 

1 

13 

3 

2 

0830 

1 

12 

1 

3 

0831 

2 

12 

3 

3 

0832 

2 

13 

1 

3 

0833 

2 

13 

3 

3 

0834 

2 

13 

2 

3 

0835 

2 

13 

1 

2 

0836 

1 

14 

2 

1 

0837 

1 

13 

2 

1 

0838 

1 

13 

1 

2 

0839 

1 

] 3 

2 

3 
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2 
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1 

3 

0841 

1 

13 
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3 
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12 

1 

3 

GRIG.  CCRR.  ODD  EVEN 

11.  6.  2.  4. 

12.  9.  4.  5. 

16.  13.  7 . 6 . 

15.  12.  6.  6. 

17.  13.  7.  6. 

8.  4.  2.  2. 

3.  2.  1.  1. 

15.  12.  6.  6. 

14.  12.  5 . 6 . 

16.  12.  6.  6. 

12.  8 . 4 . 4 . 

16.  13.  7.  6. 

13.  10.  4.  6. 

13.  11.  5.  6. 

17.  13.  7.  6. 

14.  11.  6.  5. 

9.  6.  2.  4. 

10.  8.  3.  5. 

17.  11.  6.  5. 

9.  7.  3.  4. 

15.  11.  5.  6. 

14.  11.  5.  6. 

17.  13.  7.  6. 

16.  13.  7.  6. 
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7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 
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7 

7 

7 
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0843 

0844 

0845 

0846 

0847 

0848 

0849 

0850 

0851 

0852 

0853 

0854 

0855 

0856 

0857 

0858 

0859 

0860 

0861 

0862 

0863 

0864 

0865 

0866 
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SEX 

2 

2 

1 

2 

2 


1 

1 

2 

1 

1 

1 

2 


2 

1 

1 
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2 

2 

2 

2 

1 

1 
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m 

< 
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13 
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A. 
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2. 

1. 

13 
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7 

16, 

12. 

7. 

5. 

13 

1 

2 

7 
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6- 

C 

^ • 

12 

2 

2 

7 

13. 

1 1 . 
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4. 

13 

3 

3 

7 

15. 
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6. 

13 

3 
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7 

14. 
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2 
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15. 
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12 
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16. 

13. 
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12 

2 

3 

7 

15. 

12. 

6. 

6. 

12 

1 

3 

7 

15. 

11. 

5. 

6 . 

12 

3 

2 

7 

15. 

12. 

7 . 

5 . 

13 

1 

2 

7 

18. 

13. 

7. 

6. 

12 

2 

2 

7 

14. 

9. 

5. 

4. 

12 

1 

2 

7 

15. 

11. 

6. 

5 . 

13 

3 

2 

7 

15. 

11. 

5. 

6. 

12 

1 

3 

7 

17. 

13. 

7. 

6. 

14 

1 

1 

7 

4. 

1 . 

1. 

0. 

12 

1 

2 

7 

14. 

12. 

6. 

6. 

12 

3 

3 

7 

14. 

10. 

4. 

6. 

12 

1 

2 

7 

15. 

12. 

6. 

6. 

12 

1 

3 

7 

18. 

13. 

7. 

6. 
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1 

2 

7 
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7. 
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3. 

12 

2 

2 

*7 

1 

18. 

13. 

7. 

6. 
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0867 

0868 

0 869 
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0871 

0872 

0873 

0874 

08  75 

0876 

0877 

0878 

0879 

0880 

0881 

0882 

0883 

0884 

0885 

08  86 

0887 

0888 

0889 

0890 
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SEX 

2 

2 

2 

2 

2 

1 

1 

1 

2 

2 

2 


1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 
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GRIG. 
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13 

3 

9 
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7 
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4. 
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12 
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13. 

7. 
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13 

2 
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7 

15. 

11. 

6. 

5. 

12 

1 

2 

7 

14. 
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7. 

4. 

12 

3 

3 

7 

16. 

13. 

7. 

6. 

12 

1 

3 

7 

• 

CO 

13. 

7. 

6. 

13 

2 

2 

7 

15. 

12. 

6. 

6. 

12 

3 

3 

7 

13. 

11. 

6. 

5. 

13 

1 

2 

7 

13. 

8. 

4. 

4 . 

13 

1 

1 

7 

9. 

7. 

5. 

2, 

13 

2 

3 

7 

12. 

9. 

5. 

4. 

13 

2 

2 

7 

15. 

10. 

4. 

6. 

12 

2 

3 

7 

16. 

13. 

7. 

6. 

13 

3 

3 

7 

10. 

7. 

4. 

3. 

14 

1 

1 

7 

3. 

2. 

0. 

2. 

13 

1 

3 

7 

16. 

11. 

6. 

5. 

13 

3 

2 

7 
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8. 

5. 

3. 

14 

1 

2 

7 

14. 

11. 

5. 

6. 

12 

1 

3 

7 

17. 

13. 

7. 

6 . 

13 

1 

■a 

7 

15. 

12. 

6. 

6. 

13 

3 

2 

7 

16. 

12. 

7. 

5. 

12 

3 

3 

7 

16. 

13. 

7. 

6 . 

12 

1 

2 

7 

16. 

11. 

6. 

5. 

12 

3 

3 

7 

16. 
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7. 

5. 

ID 

0891 

0892 

0893 

0894 

0895 

0896 

0897 
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0899 

0900 

0901 
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1002 

1003 

1004 

1005 

1006 

1007 
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1009 

10  10 

1011 

1012 
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6. 

2 

13 
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12. 

6. 

6. 

' 2 

13 
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3 

7 

15. 

12. 
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6. 

2 

13 

1 

3 

7 

15. 

13. 

7. 

6. 

2 

14 

3 

2 

8 

16. 

13. 

7. 
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8 
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6. 
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2 

8 

17. 
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7. 

5. 

1 

14 
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8. 

5. 

3. 

2 

14 

1 

3 

8 

15. 

11. 

7. 

4. 

2 

13 
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2 

8 

1 5 . 

12. 

6 • 

6. 

2 

14 

2 

2 

8 

15. 

11. 

5. 

6, 

2 

13 

3 

3 

8 

17. 

13. 

7. 

6. 

2 

14 

1 

2 

8 

13. 

10. 

5. 

5. 

1 

13 

2 

3 

8 

17. 

13. 

7. 

6. 

1 

13 

1 

3 

8 

14. 

11. 

5. 

6. 

1 

13 

3 

2 

8 

17. 

13. 

7. 

6. 
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ID  SEX  AGE  SES  IQ 

1013  1 13  3 3 

1014  2 14  3 3 

1015  2 13  1 2 

1016  2 14  1 2 

1017  2 14  3 3 

1018  2 14  1 2 

1019  1 14  1 2 

1020  1 14  I 2 

1021  1 13  1 2 

1022  1 14  3 3 

1023  2 13  1 3 

1024  1 13  1 2 

1025  1 14  2 2 

1026  1 14  I 2 

1027  1 14  2 2 

1028  1 14  2 2 

1029  2 13  3 3 

1030  2 13  3 3 

1031  2 14  1 1 

1032  2 13  1 2 

1033  2 14  2 2 

1034  2 14  1 2 

1035  1 15  1 2 

1036  1 15  3 1 


ORIG. 

CORR. 

ODD 

EVEN 

15. 

11. 

7. 

4. 

7. 

5. 

3. 

2. 

16. 

13. 

7. 

6. 

18. 

13. 

7. 

6. 

17. 

12. 

7. 

5. 

14. 

11. 

6 . 

5. 

15. 

12. 

7. 

5. 

15. 

11. 

7. 

4. 

13. 

1 1 . 

6. 

5. 

14. 

11. 

5. 

6. 

15. 

13. 

7. 

6. 

16. 

13. 

7. 

6 • 

18. 

12. 

7. 

5. 

16. 

13. 

7. 

6. 

17. 

13. 

7. 

6. 

14. 

11. 

6. 

5. 

15. 

13. 

7. 

6. 

14. 

11. 

7. 

4. 

16. 

12. 

7. 

5. 

14. 

10. 

5. 

5. 

9. 

6. 

5. 

1 . 

18. 

13. 

7. 

6. 

16. 

12. 

6. 

6. 

10. 

8. 

4. 

4. 

GRADE 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 


ID 

1037 

1038 

1039 

1040 

1041 

1042 

1043 

1044 

1045 

1046 

1047 

1048 

1049 

10  50 

1051 

1052 

1053 

1054 

1055 

1056 

1057 

1053 

1059 

1060 
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GRIG. 

CORR. 

ODD 

EVEN 

1 

14 

3 

2 

8 

14. 

11. 

6. 

5. 

2 

13 

1 

3 

8 

13. 

11. 

6. 

5. 

2 

13 

2 

3 

8 

16. 

12. 

7. 

5. 

2 

13 

1 

3 

8 

16. 

12. 

6. 

6. 

2 

13 

1 

2 

8 

10. 

8. 

4. 

4. 

1 

14 

1 

2 

8 

19. 

12. 

7. 

5. 

1 

14 

3 

3 

8 

16. 

13. 

7. 

6. 

i 

13 

2 

3 

8 

17. 

13. 

7. 

6. 

1 

15 

1 

1 

8 

12. 

10. 

5. 

5. 

1 

13 

3 

3 

8 

16. 

12. 

6. 

6. 

2 

14 

3 

2 

8 

14. 

11. 

5. 

6. 

2 

14 

1 

2 

8 

15. 

12. 

6. 

6. 

2 

13 

3 

2 

8 

16. 

12. 

6. 

6. 

2 

14 

3 

3 

8 

7. 

6. 

4. 

2. 

2 

15 

1 

2 

8 

7. 

5. 

3. 

2. 

1 

14 

1 

1 

8 

9. 

5. 

3. 

2. 

1 

14 

1 

2 

8 

15. 

12. 

7. 

5. 

1 

14 

2 

2 

8 

13. 

7. 

4. 

3. 

1 

14 

2 

2 

8 

16. 

12. 

6. 

6. 

1 

14 

2 

3 

8 

15. 

12. 

7. 

5. 

1 

13 

3 

3 

8 

15. 

11. 

6. 

5. 

1 

14 

2 

2 

8 

11. 

9. 

5. 

4 . 

2 

14 

2 

2 

8 

16. 

13. 

7. 

6. 

2 

14 

1 

2 

8 

15. 

11. 

5. 

6 . 

IC 

1061 

1062 

1063 

1064 

1065 

1066 

1067 

1068 

1069 

1070 

1071 

1072 

1073 

1074 

1075 

1076 

1077 

1078 

1079 

1080 

1081 

1082 

1083 

1084 
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SEX 

AGE 

SES 

IQ 

GRADE 

ORIG, 

CCRR. 

ODD 

EVEN 

2 

13 

1 

3 

8 

13. 

11. 

5. 

6. 

2 

13 

2 

2 

8 

15. 

12. 

7. 

5. 

2 

14 

1 

2 

8 

4. 

3. 

3. 

0. 

2 

14 

1 

2 

8 

16. 

12. 

6. 

6. 

1 

15 

1 

3 

8 

14. 

1 1 . 

6. 

5. 

1 

13 

1 

3 

8 

17. 

12. 

7. 

5. 

1 

13 

3 

3 

8 

16. 

13. 

7. 

6. 

2 

13 

2 

2 

8 

16. 

12. 

7. 

5. 

2 

14 

1 

2 

8 

8. 

7. 

4. 

3. 

2 

13 

3 

3 

8 

14. 

10. 

5. 

5. 

1 

13 

1 

3 

8 

15. 

12. 

7. 

5. 

1 

14 

2 

2 

8 

16. 

13. 

7. 

6 . 

1 

13 

3 

3 

8 

13. 

11. 

5. 

6. 

1 

13 

2 

2 

8 

15. 

12. 

7. 

5. 

2 

13 

1 

2 

8 

15. 

10. 

5. 

5. 

2 

14 

1 

2 

8 

12. 

7. 

3. 

4. 

2 

14 

1 

3 

8 

14. 

9. 

4. 

5. 

2 

13 

2 

3 

8 

14. 

12. 

7. 

5. 

1 

13 

3 

3 

8 

17. 

13. 

7. 

6. 

1 

14 

2 

3 

8 

18. 

13. 

7. 

6. 

1 

13 

3 

3 

8 

17. 

13. 

7. 

6. 

1 

14 

2 

2 

8 

17. 

13. 

7. 

6. 

2 

14 

1 

3 

8 

16. 

13. 

7. 

6. 

2 

14 

1 

2 

8 

13. 

10. 

6 . 

4. 

ID 

1085 

1086 

1037 

1088 

1089 

1090 

1091 

1092 

1093 

1094 

1095 

1096 

1097 

1098 

1099 

1100 

1101 

1102 

1103 

1104 

1105 

1106 

1107 

1108 
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SEX 

AGE 

SES 

IQ 

GRADE 

GRIG. 

CORR. 

ODD 

EVEN 

2 

13 

3 

3 

8 

14. 

12. 

6. 

6. 

2 

14 

1 

3 

8 

17. 

13. 

7. 

6. 

2 

13 

3 

2 

8 

16. 

12. 

6. 

6. 

2 

14 

1 

2 

8 

10. 

5. 

4. 

1 . 

2 

13 

2 

3 

8 

13. 

10. 

4. 

6. 

1 

13 

1 

2 

8 

15. 

12. 

7. 

5. 

2 

13 

3 

2 

8 

10. 

6. 

3. 

3. 

2 

13 

1 

3 

8 

16. 

12. 

7. 

5. 

1 

13 

1 

2 

8 

13. 

8. 

4. 

4. 

1 

14 

1 

3 

8 

15. 

11. 

6. 

5. 

1 

13 

1 

2 

8 

16. 

12. 

6. 

6. 

1 

14 

3 

2 

8 

17. 

13. 

7. 

6. 

2 

14 

3 

2 

8 

10. 

8. 

4. 

4. 

2 

14 

1 

2 

8 

15. 

1 1 . 

5. 

6. 

2 

14 
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2 

8 

11. 

8. 

4. 

4. 

2 

14 
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3 

8 

16. 

13. 

7. 

6. 

1 

13 
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3 
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16. 

12. 

7. 

5. 

1 

13 
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3 

8 

9. 

6. 

4. 

2. 

2 

14 
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2 

8 

12. 

10. 

5. 

5. 

1 

14 
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17. 

12. 

7. 

5. 

2 

14 

1 

1 

8 

12. 

9. 

6. 

3. 

2 

13 

1 

3 

8 

14. 

12. 

6. 

6. 

2 

13 

1 

3 

8 

14. 

10. 

4. 

6. 

2 

14 

1 

2 

8 

18. 

13. 

7. 

6. 

ID 

1 109 

1110 

1200 

1201 

1202 

1203 

1204 

1205 

1206 

1207 

1203 

1209 

1211 

1212 

1213 

1214 

1215 

1216 

1217 

1218 

1219 

1220 

1221 

1222 
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SEX 

AGE 

SES 

IQ 

GRADE 

GRIG. 

CGRR. 

ODD 

EVEN 

2 

13 

1 

3 

8 

14. 

10. 

6. 

4. 

1 

15 

1 

2 

8 

17. 

13. 

7. 

6. 

1 

15 

2 

3 

9 

16. 

12. 

6. 

6. 

1 

14 

2 

3 

9 

14. 

11. 

6. 

5. 

1 

15 

2 

2 

9 

10. 

6. 

3. 

3. 

1 

15 
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2 

9 

15. 

12. 

7. 

5. 

2 

15 
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14. 

12. 

6. 

6. 

2 

14 

2 

3 

9 

18. 

13. 

7. 

6. 

2 

14 

1 

2 

9 
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13. 

7. 

6 . 

2 

14 

1 

2 

9 

• 

CO 

13. 

7. 

6. 

2 

14 
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3 

9 

13. 

11. 

5. 

6. 
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14 
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9 

18. 

13. 

7. 

6 . 

1 

15 
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16. 

9. 

5. 

4. 
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14 
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7. 
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1 1 . 
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2 

14 

3 

3 

9 

15. 

13. 

7. 

6. 

2 

15 

1 

2 

9 

13. 

10. 

5. 

5. 

ID 

1223 

1224 

1225 

1226 

1227 

1228 

1229 

1230 

1231 

1232 

1233 

1234 

1235 

1236 

1237 

1238 

1239 

1240 

1241 

1242 

1243 

1244 

1245 

1246 
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SEX 

2 

1 

1 

2 

2 

2 

2 

2 

1 

1 

1 

1 

2 

2 

2 

2 

2 

1 

1 

1 

1 

2 

2 
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IQ 
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GRIG. 

CORR. 
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9 
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13. 

7. 
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14 
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12. 
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14 
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13. 
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6. 

14 
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17. 

13. 

7. 

6. 

15 

1 

2 

9 

10. 

6. 

5. 

1. 

14 

1 

2 

9 

12. 

9. 

5. 

4. 

15 

2 

2 

9 

16. 

11. 

7. 

4 . 

15 

1 

3 

9 

16. 

11. 

6. 

5. 

14 

2 

2 

9 

14. 

11. 

6. 

5. 

14 

1 

2 

9 

17. 

13. 

7. 

6. 

15 

2 

3 

9 

14. 

11. 

5. 

6. 

14 

1 

2 

9 

15. 

12. 

7. 

5. 

14 

1 

2 

9 

15. 

13. 

7. 

6. 

14 

2 

2 

9 

18. 

13. 

7. 

6. 

14 

1 

2 

9 

11. 

8. 

5. 

3. 

14 

1 

3 

9 

16. 

13. 

7. 

6. 

15 

1 

3 

9 

16. 

11. 

6 . 

5. 

14 

3 

2 

9 

11. 

8. 

4. 

4. 

14 

1 

2 

9 

14. 

12. 

6. 

6. 

14 

2 

3 

9 

16. 

13. 

7. 

6 . 

14 

3 

3 

9 

17. 

12. 

7. 

5. 

14 

2 

3 

9 

17. 

13. 

7. 

6. 

14 

I 

3 

9 

11. 

7. 

5. 

2. 

14 

3 

3 

9 

16. 

11. 

6 . 

5. 

ID 

12A7 

12A3 

12A9 

1250 

1251 

1252 

1253 

12  54 

1255 

1256 

1257 

1258 

1259 

1260 

1261 

1262 

1263 

1264 

1265 

1266 

1267 

1268 

12  69 

1270 
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SEX 

2 

2 

2 

2 

2 

2 

2 

1 

1 

1 

2 

2 

2 

2 

1 

1 

1 

1 

2 

2 

2 

2 

1 

1 


AGE 

SES 

IQ 

GRADE 

GRIG. 

CORR. 

ODD 

EVEM 

14 

2 

3 

9 

10. 

9. 

4. 

5. 

14 
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13. 
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9. 

5. 

4. 
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8. 

4. 

4. 

14 
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12. 

10. 

5. 

5. 

14 
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15. 

13. 

7. 

6. 

15 
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9 

19. 

13. 

7. 

6. 

14 

I 

3 

9 

12. 

10. 

6. 

4. 

14 

1 

2 

9 

16. 

13. 

•? 
f « 

6. 

15 

1 

2 

9 

8. 

4. 

3. 

1. 

14 

1 

3 

9 

18. 

12. 

6. 

6. 

14 

2 

2 

9 

14. 

11. 

6. 

5. 

15 

1 

2 

9 

18. 

12. 

7. 
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15 

2 

2 

9 

17. 

12. 

6. 

6. 

14 

3 

3 

9 

16. 

13. 

7. 

6. 

15 

1 

2 

9 

16. 

11. 

5. 

6 . 

14 

2 

3 

9 

16. 

12. 

7. 

5. 

15 

3 

2 

9 

14. 

11. 

6. 

5. 

15 

1 

2 

9 

11. 

8. 

3. 

5. 

15 

2 

3 

9 

18. 

13. 

7. 

6. 

14 

1 

2 

9 

16. 

12. 

7. 

5. 

14 

1 

3 

9 

17. 

12. 

6. 

6 . 

14 

1 

2 

9 

14. 

1C. 

4. 

6. 

15 

2 

2 

9 

15. 

11. 

6. 

5. 
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ID 

SEX 

AGE 

SES 

IQ 

1271 

1 

15 

3 

3 

1272 

1 

14 

3 

2 

1273 

1 

14 

1 

2 

1274 

2 

14 

2 

2 

1275 

1 

15 

1 

3 

1276 

1 

15 

1 

3 

1277 

1 

16 

3 

2 

1278 

1 

14 

3 

3 

1279 

1 

14 

2 

3 

1280 

2 

14 

3 

3 

1281 

2 

15 

1 

3 

1282 

2 

14 

1 

3 

1283 

2 

14 

1 

3 

1284 

2 

15 

1 

3 

1285 

1 

15 

1 

3 

1286 

1 

14 

3 

3 

1287 

1 

14 

1 

3 

1288 

2 

14 

2 

3 

1289 

2 

14 

1 

3 

1290 

2 

14 

1 

3 

1291 

2 

14 

3 

3 

1292 

2 

14 

1 

3 

1293 

2 

14 

2 

2 

129^ 

1 

16 

1 

2 

GRIG. 

CORR. 

ODD 

EVEN 

17. 

11. 

6. 

5. 

19. 

13. 

7. 

6. 

15. 

11. 

5. 

6. 

12. 

10. 

5. 

5. 

13. 

10. 

6. 

4, 

17. 

13. 

7. 

6. 

9. 

6. 

4. 

2. 

14. 

12. 

7. 

5. 

18. 

13. 

7. 

6 . 

14. 

10. 

5. 

5. 

17. 

12. 

7. 

5. 

14. 

11. 

5. 

6. 

17. 

13. 

7. 

6 . 

16. 

12. 

7. 

5- 

16. 

13. 

7. 

6. 

14. 

11. 

6. 

5. 

17. 

13. 

7. 

6. 

17. 

13. 

7. 

6. 

18. 

13. 

7. 

6. 

16. 

12. 

6. 

6. 

15. 

12. 

7. 

5. 

16. 

11. 

6. 

5. 

14. 

10. 

5. 

5. 

17. 

13. 

7. 

6. 

GRADE 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 
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ID 

SEX 

AGE 

SES 

IQ 

1295 

1 

14 

3 

3 

1296 

1 

14 

2 

2 

1297 

1 

15 

1 

3 

1298 

1 

15 

2 

2 

1299 

1 

16 

1 

1 

1300 

1 

15 
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2 

lAOO 
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15 

1 

3 

lAOl 

1 

16 
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2 

1A02 

1 

16 

1 

2 

1A03 

2 

15 

1 

3 

U04 

1 

15 

1 

3 

1405 

1 

15 

3 

3 

1406 

2 

15 

2 

2 

1407 

1 

15 

1 

2 

1408 

1 

15 

3 

2 

1409 

1 

17 

1 

1 

1410 

1 

16 

2 

3 

1411 

2 

16 

2 

2 

1412 

1 

16 

1 

2 

1413 

2 

16 

1 

2 

1414 

2 

16 

1 

2 

1415 

1 

16 

1 

2 

14  16 

1 

15 

3 

2 

1417 

1 

15 

1 

2 

ORIG. 

CORR. 

ODD 

EVEN 

12. 

10. 

6. 

4, 

15. 

11. 

7. 

4. 

18. 

13. 

7. 

6. 

13. 

10. 

5. 

5. 

16. 

13. 

7. 

6. 

18. 

12. 

6. 

6. 

15. 

12. 

7. 

5. 

18. 

13. 

7. 

6. 

17. 

13. 

7. 

6, 

17. 

13. 

7. 

6. 

14. 

12. 

6. 

6. 

17. 

13. 

7. 

6. 

12. 

1C. 

5. 

5. 

11  . 

7. 

4. 

3. 

14. 

1C. 

4. 

6. 

18. 

12. 

6. 

6. 

17. 

13. 

7. 

6. 

16. 

12. 

7. 

5. 

15. 

12. 

6. 

6. 

14. 

1C. 

4. 

6. 

16. 

13. 

7. 

6. 

15. 

12. 

7. 

5. 

16. 

13. 

7. 

6. 

16. 

13. 

7. 

6. 

GRADE 

9 

9 

9 

9 

9 

9 

10 

10 

10  . 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 
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ID 

SEX 

AGE 

SES 

IQ 

1418 

1 

16 

2 

2 

1419 

2 

16 

2 

2 

1420 

1 

16 

1 

2 

1421 

1 

15 

1 

2 

1422 

2 

15 

1 

2 

1423 

1 

15 

1 

3 

1424 

1 

15 

1 

3 

1425 

1 

15 

2 

3 

1426 

1 

15 

1 

2 

1427 

1 

15 

1 

2 

1428 

1 

16 

1 

2 

1429 

2 

16 

1 

3 

1430 

1 

15 

2 

2 

1431 

1 

15 

2 

3 

1432 

1 

15 

2 

2 

1433 

1 

16 

3 

2 

1434 

1 

15 

2 

2 

1435 

1 

16 

1 

3 

1436 

1 

16 

1 

1 

1437 

1 

16 

2 

3 

1439 

2 

15 

3 

2 

1440 

1 

15 

2 

3 

1441 

1 

15 

1 

3 

14  42 

i 

15 

2 

3 

GRIG. 

CORR. 

ODD 

EVEN 

12. 

9. 

4. 

5. 

16. 

11. 

7. 

4. 

10. 

6. 

5. 

1. 

17. 

13. 

7. 

6. 

16. 

12. 

7. 

5. 

16. 

13. 

7. 

6. 

17. 

13. 

7. 

6. 

12. 

8. 

5. 

3. 

18. 

13. 

7. 

6. 

16. 

12. 

6. 

6. 

17. 

13. 

7. 

6. 

16. 

12. 

7. 

5. 

14. 

12. 

7. 

5. 

17. 

12. 

6 . 

6. 

15. 

11. 

6. 

5. 

18. 

13. 

7. 

6. 

15. 

13. 

7. 

6. 

17. 

13. 

7. 

6. 

14. 

10. 

4. 

6. 

11. 

7. 

5. 

2. 

15. 

11. 

5. 

6. 

17. 

13. 

7. 

6. 

15. 

12. 

7. 

5. 

17. 

13. 

7. 

6. 

GRADE 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 


155 


ID 

SEX 

AGE 

SES 

IQ 

1AA3 

2 

15 

1 

2 

1^A4 

2 

15 

3 

3 

1A45 

1 

17 

3 

1 

1^A6 

1 

16 

2 

3 

1447 

2 

16 

1 

2 

1443 

1 

15 

1 

3 

1449 

1 

16 

2 

2 

1450 

1 

16 

3 

2 

1451 

2 

16 

1 

2 

1452 

2 

15 

3 

3 

1453 

2 

16 

1 

2 

14  54 

1 

15 

2 

2 

1455 

1 

15 

2 

3 

1456 

1 

16 

2 

2 

1457 

1 

15 

1 

2 

1458 

1 

16 

1 

1 

1459 

2 

15 

1 

2 

1460 

2 

18 

1 

1 

1461 

2 

15 

1 

2 

1462 

2 

16 

3 

3 

1463 

2 

16 

3 

3 

14  64 

1 

16 

2 

2 

1465 

1 

15 

2 

3 

1466 

1 

16 

1 

3 

GRIG. 

CORR. 

ODD 

EVEN 

15. 

12. 

6. 

6. 

17. 

13. 

7. 

6. 

15. 

11. 

5. 

6. 

17. 

13. 

7. 

6. 

17. 

13. 

7. 

6. 

17. 

13. 

7. 

6. 

18. 

13. 

7. 

6. 

15. 

12. 

7. 

5. 

13. 

11. 

6. 

5. 

13. 

10. 

5. 

5. 

14. 

11. 

6. 

5. 

11. 

9. 

5. 

4. 

16. 

11. 

7. 

4. 

18. 

13. 

7. 

6. 

16. 

1 1 . 

7. 

4. 

16. 

11. 

6. 

5. 

16. 

13. 

7. 

6. 

16. 

13. 

7. 

6. 

14. 

10. 

6. 

4. 

15. 

11. 

6. 

5 . 

19. 

13. 

7. 

6 . 

17. 

12. 

7. 

5 . 

• 

00 

13. 

7. 

6. 

15. 

12. 

6. 

6. 

GRADE 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 


ID 

1A67 

1468 

1469 

1470 

1471 

1472 

1473 

1474 

1475 

1476 

1477 

1478 

1479 

1480 

1481 

1402 

1483 

1484 

1485 

1486 

1487 

1488 

1489 

1490 


156 


SEX 

AGE 

SES 

IQ 

GRADE  ORIG. 

CORR. 

ODD 

EVEN 

1 

16 

2 

3 

10  15. 

11. 

7. 

4. 

1 

16 

1 

2 

10  15. 

12. 

7. 

5. 

2 

16 

1 

2 

10  14. 

10. 

5. 

5. 

1 

15 

3 

3 

10  16. 

12. 

7. 

5. 

1 

16 

2 

2 

10  11. 

7. 

4. 

3. 

1 

15 

1 

3 

10  12. 

10. 

6. 

4. 

1 

17 

1 

2 

10  14. 

12. 

6. 

6. 

1 

17 

2 

2 

10  16. 

13. 

7. 

6. 

1 

15 

1 

2 

10  14. 

9. 

4. 

5. 

2 

15 

2 

3 

10  14. 

12. 

7. 

5. 

1 

15 

1 

3 

10  18. 

13. 

7. 

6. 

1 

15 

1 

2 

10  18. 

13. 

7. 

6. 

1 

15 

1 

2 

10  16. 

12. 

7. 

5. 

1 

15 

2 

3 

10  10. 

8. 

5. 

3. 

2 

15 

1 

2 

10  15. 

11. 

7. 

4. 

2 

15 

1 

2 

10  17. 

13. 

7. 

6. 

1 

16 

1 

3 

10  14. 

1C. 

6. 

4. 

1 

16 

1 

1 

10  10. 

8. 

4. 

4. 

1 

17 

1 

3 

10  17. 

12. 

7. 

5. 

2 

16 

1 

2 

10  13. 

10. 

6. 

4. 

1 

15 

1 

3 

10  16. 

13. 

7. 

6. 

1 

15 

3 

2 

10  11. 

7. 

4. 

3. 

1 

15 

1 

3 

10  17. 

12. 

6. 

6. 

1 

15 

3 

2 

10  14. 

12. 

6. 

6. 

157 


ID  SEX  AGE  SES  IQ 

1491  2 16  1 2 

1492  1 15  3 2 

1493  1 16  3 2 

1494  1 15  3 2 

1495  1 15  1 3 

1496  1 15  1 3 

1497  1 15  3 3 

1498  1 15  2 3 

1499  2 15  3 3 

1500  2 15  1 3 

1501  1 17  1 1 

1502  1 16  1 1 

1503  11532 

1504  2 15  1 2 

1505  2 15  2 3 

1506  2 15  1 2 

1507  2 16  1 3 

1600  1 16  3 2 

1601  1 19  1 2 

1602  2 17  1 2 

1603  21613 

1604  2 17  2 3 

1605  2 16  1 2 

1606  I 16  2 3 


ORIG. 

CDRR. 

ODD 

EVEN 

11. 

7. 

5. 

2. 

14. 

11. 

6. 

5. 

17. 

13. 

7. 

6. 

16. 

9. 

6. 

3. 

17. 

13. 

7. 

6. 

18. 

12. 

7. 

5. 

14. 

12. 

6. 

6. 

17. 

13. 

7. 

6. 

13. 

11. 

7. 

4. 

14. 

11. 

5. 

6. 

16. 

12. 

6. 

6. 

15. 

12. 

7. 

5. 

17. 

12. 

6. 

6. 

16. 

13. 

7. 

6. 

12. 

10. 

4. 

6. 

8. 

6. 

4. 

2. 

13. 

7. 

5. 

2. 

16. 

12. 

6. 

6. 

17. 

13. 

7. 

6. 

17. 

13. 

7. 

6 . 

11. 

e. 

3. 

5. 

16. 

13. 

7. 

6. 

14. 

12. 

6. 

6. 

18. 

13. 

7. 

6. 

GRADE 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

1 1 

11 

11 

11 

11 

11 

11 
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ID  SEX  AGE  SES  IQ 

1607  I 17  2 2 

1608  2 16  2 3 

1609  2 16  1 3 

•1610  2 16  3 3 

1611  1 17  2 3 

1612  1 17  2 2 

1613  1 17  2 3 

161A  1 16  2 3 

1615  1 17  1 2 

1616  1 17  1 3 

1617  1 17  1 2 

1618  2 16  3 3 

1619  1 16  1 1 

1620  1 16  1 2 

1621  2 16  1 2 

1622  1 16  3 2 

1623  1 18  1 2 

1624  1 17  3 2 

1625  1 17  2 2 

1626  2 17  3 2 

1627  2 16  2 3 

1628  1 16  1 2 

1629  1 16  3 3 

1630  1 16  1 3 


GRIG. 

CORR. 

ODD 

EVEN 

15. 

12. 

6. 

6. 

16. 

12. 

7. 

5. 

16. 

13. 

7. 

6. 

17. 

13. 

7. 

6. 

16. 

11. 

5. 

6. 

15. 

12. 

7. 

5. 

16. 

12. 

7. 

5. 

14. 

11. 

6 . 

5. 

19. 

13. 

7. 

6. 

16. 

12. 

6 . 

6. 

18. 

13. 

7. 

6. 

15. 

13. 

7. 

6. 

13. 

8. 

5. 

3. 

13. 

1C. 

5. 

5. 

16. 

12. 

6. 

6. 

14. 

1C. 

6. 

4 . 

16. 

13. 

7. 

6. 

13. 

10. 

5. 

5. 

15. 

11. 

7. 

4. 

17. 

12. 

7. 

5. 

1 1 . 

10. 

6. 

4. 

12. 

8. 

5. 

3. 

17, 

12. 

7. 

5. 

14. 

11. 

6. 

5. 

GRADE 

11 

II 

11  . 

11 

11 

11 

11 

II 

11 

11 

11 

11 

11 

1 1 

1 1 

1 1 

11 

1 1 

11 

11 

1 1 

1 1 

1 1 

11 


ID 

1631 

1632 

1633 

1634 

1635 

1636 

1637 

1638 

1639 

1640 

1641 

1642 

1643 

1644 

1645 

1646 

1647 

1648 

1649 

16  50 

1651 

1652 

1653 

16  54 


159 


SEX 

AGE 

SES 

IQ 

GRADE 

ORIG. 

CORR. 

ODD 

EVEN 

2 

16 

2 

3 

11 

17. 

13. 

7. 

6. 

2 

16 

3 

3 

11 

13. 

9. 

5. 

4. 

1 

17 

3 

3 

11 

16. 

13. 

7. 

6 . 

1 

18 

1 

2 

11 

13. 

8. 

6. 

2. 

1 

17 

2 

3 

11 

16. 

13. 

7. 

6. 

2 

16 

3 

2 

11 

14. 

11. 

6. 

5. 

2 

17 

3 

3 

11 

16. 

11. 

6. 

5. 

2 

18 

1 

1 

11 

16. 

13. 

7. 

6. 

1 

18 

1 

2 

1 1 

17. 

13. 

7. 

6. 

1 

17 

1 

2 

11 

16. 

12. 

6. 

6. 

1 

17 

3 

3 

11 

17. 

12. 

7. 

5. 

2 

16 

1 

3 

11 

16. 

13. 

7. 

6. 

1 

16 

1 

3 

11 

1)  . 

8. 

5. 

3. 

1 

16 

2 

3 

11 

13. 

8. 

4. 

4. 

1 

17 

2 

2 

11 

12. 

7. 

5. 

2. 

2 

17 

2 

3 

11 

18. 

13. 

7. 

6. 

2 

16 

1 

3 

11 

17. 

12. 

7. 

5. 

2 

17 

2 

2 

1 1 

17. 

13. 

7. 

6. 

2 

16 

1 

2 

11 

14. 

11  . 

7. 

4. 

2 

17 

3 

2 

11 

16. 

11. 

7. 

4 . 

1 

16 

3 

2 

11 

16. 

11. 

6. 

5. 

1 

16 

1 

3 

11 

16. 

13. 

7. 

6. 

2 

16 

3 

3 

11 

16. 

12. 

7. 

5. 

1 

16 

1 

3 

11 

18. 

13. 

7. 

6. 
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ID 

SEX 

AGE 

SES 

IQ 

1655 

2 

17 

1 

3 

1656 

1 

17 

1 

3 

1657 

1 

i 

16 

2 

2 

1658 

1 

16 

2 

2 

1659 

1 

16 

1 

3 

1660 

1 

16 

3 

2 

1661 

1 

17 

3 

2 

1662 

1 

17 

2 

2 

1663 

1 

17 

1 

2 

1664 

1 

17 

3 

2 

1665 

2 

17 

2 

2 

1666 

2 

16 

3 

3 

1667 

2 

16 

2 

3 

1668 

2 

16 

3 

3 

1669 

1 

18 

3 

2 

1670 

2 

18 

1 

2 

1672 

2 

17 

1 

2 

1673 

2 

16 

3 

3 

1674 

2 

17 

2 

3 

1675 

1 

17 

1 

3 

1676 

1 

17 

3 

3 

1677 

2 

17 

1 

3 

1678 

2 

17 

2 

3 

1679 

1 

17 

1 

3 

ORIG. 

CGRR. 

ODD 

EVEN 

13  . 

10. 

5. 

5. 

17. 

13. 

7. 

6. 

13. 

10. 

5. 

5. 

14. 

10. 

7. 

3. 

15. 

11. 

6. 

5. 

17. 

12. 

6. 

6. 

14. 

11. 

5. 

6. 

15. 

11. 

5. 

6. 

19. 

13. 

7. 

6. 

13. 

10. 

4. 

6. 

17. 

13. 

7. 

6. 

11. 

7. 

5. 

2. 

17. 

12. 

6. 

6. 

17. 

13. 

7. 

6. 

18. 

13. 

7. 

6. 

16. 

13. 

7. 

6. 

16. 

13. 

7. 

6. 

14. 

12. 

6. 

6. 

16. 

11. 

6. 

5. 

17. 

13. 

7. 

6. 

17. 

13. 

7. 

6. 

18. 

13. 

7. 

6. 

18. 

13. 

7. 

6. 

15. 

11. 

6. 

5. 

GRADE 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

11 

1 1 

11 

11 

11 
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ID 

SEX 

AGE 

SES 

IQ 

1680 

1 

17 

1 

2 

1631 

2 

17 

1 

2 

1682 

2 

17 

2 

2 

1683 

2 

17 

1 

2 

1684 

2 

17 

2 

2 

1685 

2 

16 

1 

3 

1686 

2 

17 

1 

3 

1687 

1 

17 

2 

3 

1688 

1 

17 

1 

2 

1689 

2 

17 

2 

2 

1690 

2 

17 

1 

2 

1691 

1 

17 

1 

2 

1692 

2 

17 

1 

2 

1693 

2 

16 

3 

2 

1694 

1 

17 

1 

3 

1695 

2 

17 

1 

2 

1696 

2 

17 

1 

1 

1697 

1 

17 

1 

2 

1698 

2 

16 

1 

2 

1699 

2 

16 

3 

3 

1800 

2 

17 

1 

2 

1801 

1 

17 

2 

3 

1802 

1 

18 

3 

3 

1803 

2 

17 

3 

3 

GRIG. 

CORR. 

ODD 

EVEN 

13. 

9. 

4. 

5. 

14. 

10. 

5. 

5. 

16. 

13. 

7. 

6. 

17. 

13. 

7. 

6. 

16. 

11. 

5. 

6. 

15. 

11. 

5. 

6. 

17. 

12. 

6. 

6. 

15. 

12. 

7. 

5. 

13. 

10. 

5. 

5. 

12. 

8. 

4. 

4. 

14. 

12. 

6. 

6. 

19. 

12. 

7. 

5. 

15. 

12. 

6. 

6. 

16. 

13. 

7. 

6 . 

16. 

13. 

7. 

6. 

8. 

5. 

3. 

2. 

7. 

5. 

2. 

3. 

17. 

11. 

5. 

6. 

16. 

12. 

6, 

6. 

17. 

13. 

7. 

6 . 

19. 

13. 

7. 

6. 

14. 

10. 

4. 

6 . 

18. 

13. 

7. 

6. 

16. 

12. 

6. 

6 . 

GRADE 

11 

11 

11 

11 

1 1 

11 

11 

11 

11 

11 

1 1 

11 

11 

11 

1 1 

11 

11 

11 

11 

11 

12 

12 

12 

12 
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ID  SEX  AGE  SES  IQ 

1804  2 17  2 2 

1805  1 18  1 2 

1806  1 17  3 3 

1807  1 17  2 3 

1808  2 17  3 3 

1809  1 17  1 2 

1810  1 17  3 3 

1811  1 17  3 3 

1812  1 18  3 2 

1813  1 18  3 3 

1814  2 17  2 2 

1815  1 17  2 2 

1816  2 19  2 2 

1817  2 18  1 2 

1818  1 18  1 2 

1819  1 17  1 3 

1820  1 18  3 2 

1821  1 17  2 3 

1822  2 17  1 3 

1823  2 17  1 2 

1824  21713 

1826  2 18  1 2 

1827  2 18  1 3 

1828  1 18  1 2 


ORIG. 

CCRR. 

ODD 

EVEN 

14. 

10. 

5. 

5. 

18. 

13. 

7. 

6. 

15. 

12. 

6. 

6. 

17. 

13. 

7. 

6. 

15. 

11 . 

6. 

5. 

16. 

12. 

7. 

5. 

17. 

12. 

7. 

5. 

16. 

12. 

7. 

5. 

17. 

13. 

7. 

6. 

18. 

13. 

7. 

6. 

15. 

11. 

5. 

6. 

16. 

12. 

7. 

5. 

18. 

13. 

7. 

6. 

11. 

8. 

4. 

4. 

18. 

13. 

7. 

6. 

15. 

12. 

6. 

6. 

17. 

13. 

7. 

6. 

14. 

12. 

6. 

6. 

14. 

11. 

6. 

5. 

14. 

11. 

6. 

5. 

18. 

13. 

7. 

6. 

17. 

13. 

7. 

6. 

14. 

12. 

7. 

5. 

17. 

12. 

7. 

5. 

GRADE 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 


ID 

1829 

1830 

1831 

1832 

1833 

1834 

1835 

1836 

1837 

1838 

1839 

1840 

1841 

1842 

1843 

1844 

1845 

1846 

1847 

1843 

1849 

1850 

1851 

1852 


163 


SEX 

1 

1 

1 

1 

2 

1 

1 

2 

2 

1 

1 

1 

1 

2 

2 

2 

2 

2 

1 

2 

2 

2 

1 

1 


AGE 

SES 

IQ 

GRADE 

ORIG. 

CORR. 

ODD 

EVEN 

17 

2 

1 

12 

17. 

12. 

6. 

6. 

17 

2 

2 

12 

11. 

7. 

5. 

2. 

17 

1 

3 

12 

14. 

12. 

6. 

6. 

17 

3 

3 

12 

14. 

10. 

5. 

5. 

18 

1 

2 

12 

18. 

13. 

7. 

6. 

18 

2 

2 

12 

16. 

13. 

7. 

6. 

18 

1 

3 

12 

17. 

12. 

7. 

5. 

18 

3 

2 

12 

14. 

11. 

5. 

6. 

17 

1 

3 

12 

16. 

11. 

6. 

5. 

17 

3 

3 

12 

19. 

13. 

7. 

6. 

18 

1 

2 

12 

18. 

13. 

7. 

6. 

17 

2 

3 

12 

18. 

13. 

7. 

6. 

17 

1 

2 

12 

12. 

9. 

6. 

3. 

18 

1 

2 

12 

17. 

13. 

7. 

6. 

18 

1 

2 

12 

8. 

4. 

3. 

1. 

18 

2 

2 

12 

16. 

12  . 

6. 

6. 

18 

2 

2 

12 

15. 

11. 

5. 

6. 

17 

1 

3 

12 

18. 

13. 

7. 

6. 

18 

3 

2 

12 

13. 

1C. 

5. 

5. 

17 

3 

2 

12 

16. 

11. 

5. 

6. 

18 

1 

2 

12 

8. 

6. 

3. 

3 . 

17 

3 

3 

12 

15. 

12. 

6. 

6. 

17 

3 

3 

12 

16. 

12. 

6. 

6. 

17 

1 

3 

12 

17. 

13. 

7. 

6. 

ID 

1853 

185-=^ 

1855 

1856 

1857 

1858 

1859 

1860 

1861 

1862 

1863 

1864 

1865 

1866 

1867 

1868 

1869 

1870 

1871 

1872 

1873 

1874 

1875 

18  76 


164 


SEX 

1 

1 

1 

1 

1 

2 

2 

2 

2 

1 

2 

1 

2 

1 

2 

2 

2 

2 

2 

1 

1 

1 

1 

2 


AGE 

SES 

IQ 

GRADE 

GRIG. 

CORR. 

ODD 

EVEN 

17 

1 

2 

12 

15. 

12. 

7. 

5. 

18 

1 

2 

12 

17. 

13. 

7. 

6. 

17 

3 

3 

12 

16. 

11. 

6. 

5. 

18 

1 

3 

12 

18. 

12. 

7. 

5. 

17 

1 

3 

12 

14. 

11 . 

7. 

4. 

17 

1 

3 

12 

16. 

12. 

7. 

5. 

17 

2 

3 

12 

15. 

12. 

7. 

5. 

18 

2 

2 

12 

17. 

12. 

7. 

5. 

17 

2 

2 

12 

16. 

11 . 

5. 

6. 

17 

2 

3 

12 

18. 

13. 

7. 

6. 

18 

3 

2 

12 

16. 

12. 

6. 

6. 

18 

1 

3 

12 

19. 

13. 

7. 

6. 

18 

2 

2 

12 

13. 

10. 

5. 

5. 

17 

1 

2 

12 

9. 

6. 

5. 

1. 

18 

1 

3 

12 

14. 

11. 

6. 

5. 

17 

2 

3 

12 

17. 

12. 

7. 

5. 

17 

1 

2 

12 

14. 

11. 

5. 

6. 

17 

3 

2 

12 

15. 

1 1 . 

5. 

6. 

18 

3 

2 

12 

16. 

13. 

7. 

6. 

18 

1 

2 

12 

16. 

12. 

6. 

6. 

17 

3 

2 

12 

14. 

10. 

6. 

4 . 

18 

3 

2 

12 

16. 

13. 

7. 

6. 

18 

3 

2 

12 

12. 

9. 

6. 

3. 

18 

1 

2 

12 

12. 

7. 

3. 

4. 

ID 

1877 

1878 

1879 

1830 

1881 

1882 

1883 

1884 

1885 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

1893 

1894 

1895 

1896 

1897 

1898 

1899 

1900 
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SEX 

AGE 

SES 

IQ 

GRADE 

ORIG. 

CCRR. 

ODD 

EVEN 

2 

18 

1 

3 

12 

10. 

8. 

3. 

5. 

2 

18 

1 

2 

12 

15. 

10. 

6. 

4. 

2 

18 

1 

2 

12 

15. 

1C. 

4. 

6. 

2 

17 

1 

2 

12 

13. 

9. 

4. 

5. 

2 

18 

1 

3 

12 

14. 

11. 

6. 

5. 

1 

18 

3 

3 

12 

15. 

11. 

6. 

5. 

1 

19 

1 

1 

12 

14. 

11. 

6. 

5. 

1 

17 

1 

2 

12 

18. 

13. 

7. 

6. 

2 • 

18 

2 

2 

12 

16. 

12. 

7. 

5. 

2 

17 

2 

3 

12 

16. 

11. 

6. 

5. 

2 

17 

2 

2 

12 

16. 

13. 

7. 

6. 

1 

17 

2 

3 

12 

15. 

12. 

6. 

6. 

2 

17 

3 

3 

12 

13. 

10. 

4. 

6. 

2 

18 

1 

2 

12 

11  . 

9. 

4. 

5. 

1 

18 

2 

3 

12 

17. 

13. 

7. 

6. 

2 

18 

2 

2 

12 

9. 

7. 

2. 

5. 

2 

17 

3 

2 

12 

13. 

10. 

4. 

6. 

2 

17 

2 

2 

12 

14. 

10. 

5. 

5. 

1 

17 

1 

2 

12 

18. 

13. 

7. 

6. 

1 

17 

1 

3 

12 

18. 

12. 

7. 

5. 

1 

17 

1 

2 

12 

13. 

9. 

5. 

4. 

2 

17 

1 

3 

12 

16. 

12. 

7. 

5. 

2 

18 

3 

3 

12 

13. 

11. 

7. 

4. 

2 

17 

1 

3 

12 

15. 

12  . 

7. 

5. 
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ID 

SEX 

AGE 

S6S 

IQ 

1901 

2 

17 

1 

2 

1902 

1 

18 

2 

3 

1903 

1 

18 

1 

3 

1904 

2 

17 

1 

3 

1905 

1 

18 

1 

3 

1906 

1 

17 

2 

2 

1907 

2 

17 

1 

3 

1908 

2 

18 

1 

3 

1909 

2 

17 

1 

3 

1910 

2 

17 

1 

3 

1911 

2 

17 

1 

3 

ORIG. 

CGRR. 

ODD 

EVEN 

15. 

12. 

6. 

6. 

16. 

13. 

7. 

6. 

17. 

11. 

6 . 

5. 

13. 

9. 

4. 

5. 

16. 

13. 

7. 

6. 

17. 

12. 

6. 

6. 

15. 

13. 

7. 

6. 

12. 

9. 

5. 

4. 

17. 

13. 

7. 

6. 

15. 

11. 

5. 

6. 

12. 

9 . 

3. 

6. 

GRAOe 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 
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